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Introduction

The data presented in this volume were collected by the glaciological

staff of Wilkes Station during the period 1 February 1957 to 25 January

1958* The personnel were5

Richard L. Cameron,, chief glaciologist, The Ohio State

University, Columbus, Ohio

Olav Ho Ljzfken, glaciologist, University of Oslo, Norway

John Ro T. Molholm, glaciolegist, TUfts University,

Medford, Massachusetts

Wilkes Station was established on a bedrock promontory on Clark

Pfeninsula, Windmill Islands, during 1-16 February 1957, Figs. 1 and 2.

The position of the base is latitude 66°l5.5f, longitude 11O°31.2'# On

earlier Hydrographic Office maps, Clark was shown as an island but this

was disproved when the area was investigated* The wisland" is connected

to the ice sheet by an ice ramp and an occasional outcrop of bedrock,

Figs. 3 and Iu This ice tamp afforded access to the ice sheet for the

glaciological partyo

The main aim of the glaciological program was to determine the regimen

of the glaciers in the Budd Coast area by studying accumulation, ablation,

and movement. To determine accumulation trends for the past decades, a

deep pit was excavated in the firn at a site located 50 miles inland at

an elevation of 1139 meters, Fig. 5* This site is designated as S-2# The

pit is 2 meters square and 35 meters deep. A 27-meter bore hole at the

bottom gives a total depth of investigation of 62 meters. A horizontal

deformation tunnel was also made at the 30-meter level. The S-2 station

also served as a meteorological station and observations were made from

13 March 1957 to 16 January 1958. See Fig. 6 for a sketch of the S-2

station. A system of accumulation stakes was set out in the area and this

system was also triangulated to determine any relative movement. Between

the S-2 station and the main base a series of snow pits were dug and

accumulation stakes were emplaced*

On the ice ramp five miles inland from the main base and at an elevation

of 2k7 meters, thermohms were set in the ice to a depth of 16 meters. The

temperature of the ice at the different levels was recorded once each week*

A thermograph was also set up at this site to record air temperatures and

stakes were emplaced over the area to measure snow accumulation. To the

south of the Windmill Islands the Vanderford Glacier flows into Vincennes

LOCATION MAP 
FIG. I

Fig. 2 Aerial photograph of Wilkes Station situated <m bedrock

promontory, Clark Peninsula. Vincennes Bay in back­

ground. Official photograph, U. S. Ifavy

Fig. 3 Aerial photograph of northern part of Clark Peninsula,

looking to the east. Ice sheet rises in background.

Official photograph, U. S. Navy.

. ij Aerial view showing entire Clark Peninsula looking to 
the west~southutst. Arcuate shear moraines in fore­
ground. Official photograph, U, S. Jfetvy. 
Fig. 5 View of S-2 Station, 1139 meters elevation.

Photo by John Molholm.

Fig. 7 Vanderford Glacier discharging into Vincennes

Bay as seen from icecap. Browning Island can

be seen just this side of glacier. View toward

southwest. Photo by John Molholm.
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Bay, Figo 7, Stakes w*re set out upon the ice and were triangulated from

the extremities of a base line established on Haupt Nimatako The stake

nearest the center of the glacier moved at a rate of 2O1 meters per day for

the period 23 October - 10 January 1958O This is a high rate of movement

as compared to other glaciers which have been measured in the Antarctic*,

A study was also made of glacial geology and striae^ chatter marks,

erratics,, and elevated beaches w^re foundo Samples of the bedrock and

lichens were collected*,

John Hollin, the second year glaciological leader, has kindly allowed

use of elevation figures which he determined on the 5-2 trailo

Description of the Area

The Windmill Islands are a group of islands^ islets and rocky pen­

insulas lying along Budd Coast just inside the East side of the entrance

to Vincennes Bayo The larger bedrock masses, Clark<> Bailey, Mitchell,

and Browning^ are designated as islands but, since they are connected

to the continent by glacier ice^ they are actually peninsulas« Possibly

these peninsulas would become islands if the ice were removedo

The ice sheet which rises 100 feet per mile for the first 25 miles

and then $0 feet per mile thereafter abutts the "islands" immediately to

the east and in certain areas between bedrock masses it is able to flow

into the bay<> However, the ice held back by Clark^ Bfeuley and Mitchell is

shearing as it is not thick enough to override the bedroeko This shearing

is causing a moraine to form on the ice as material is brought up from the

glacier bedo Movement measurements in the shear zone show that shearing

is still active*.

The gradual rise of the ice sheet inland from the islands with the

absence of crevasses indicates a sub~glacial topography with low relief

similar to exposed bedrock area<>

The geology of the area is a complex of metamorphics and acidic

intrusives and later basaltic dikes* The alternating gneisses, schists,

and elongate bodies of pegmatite strike east-west and have nearly a

vertical dip5 and the maximum relief among the islands is U00 feet* The

northern part of the island group is an area of gneisses$ schists, pegma­

tites, and migmatites and there is little relief„ The southern part

consists of igneous intrusions and as a result of withering has a knobby

appearance, Figo 8O T&ting of Windmill Island rocks by potassium-argon

and rubidium~strontium methods give an average age of 1000 million years

(Cameron, Goldich and Hoffman)o T&ble I gives the dates of the various

sampleso

Just to the south of the islands the Vanderford Glacier*, a distinct

ice stream., flows in a northwest direction and discharges in Vincennes Bfeiy.

Soundings in front of the glacier show that a deep trough extends to the

9

TABLE I 
RADIOACTIVITY AGESTOR EIOTITE FROM GNEISSES AND A QUARTZ 
niORlif-3 WINEMILL ISLANDS, ANTARCTICA 
K-A data

Age

Sample pctb ppmb ppra A m y

1 7,01 7.03 0o0731 950

O°513 0.0730

2	 8o89 0,801 0.901 1120

3	 8.00 8.02 O.669 0.0831* 1050

0.711 0.0887 1100

Rb-Sr data (ppm*3)

Rb Sr87 Sr Age

Sample total Rb87 radiogenic : normal m y

2	 537 152 2.52 5.37 0.0166 1120

530 150 2.1*8 5.18 0.0165 1110

a	  b
 K^°	 abundance, 1.21 x 10"1* g/g K.  By weight. 
Constants? K1*0 - X e = 0,589 x 10"1 0/yr; h$. - U.76 x 10"1 0 /yr. 
Rb87 - ^ p - 1.1*7 x 1 0 - U / y r . 
1.	 Garnet-biotite gneiss , Ifeupt Nunatak, 20 miles south of Wilkes Station; 
Field No. 3; Lab. No. KA-287, 
2.	 Contact migmatite gneiss , unnaiaed is land, 5 miles north of Wilkes 
Stat ion; Field No. 19; Lab. No. KA-288. 
3 .	 Quartz d i o r i t e , Ardery Is land, 10 miles south of Wilkes Stat ion; Field 
No. 25; Lab. No. KA-289. 
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Fig. 8 View of Browning Island looking towards the southeast,

Note the knobby topography of the granitic rocks.

Official photograph, U, S, Navy,
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north and northwest (See Map fil in pocket)o The greatest depth discovered

is 7,^00 feeto This trough is either a glacial fjord or a structural

depressiono

The terminus of the continental ice sheet from just north of the

Windmill Islands to Cape Poinsett^ 90 miles northeasts is characterized by

continuous ice cliffs and the lack of outlet glacierso This uniformity of

morphology is due to the low relief and gentleness of the under-ice to th«

coastline0 Although this entire stretch of coastline can be readily de­

scribed as ice cliffs, local anomalies change the configuration of the ice

fronto Moraines are visible immediately north of Clark Peninsula and small

floating shelf-like features exist at Cape Folger^ between Folger and the

Balaena Islets5 and at Cape Poinsetto

The morainal material in the ice cliffs is caused by the ice shearing

over a bedrock high just in from the ice fronto In one of the cliff-study

areas bedrock crops out directly at the base of the cliff and extends for

some 100 meters seaward* The rock does not rise more than two meters above

sea level and is well polishedo At this cliff., which varies from 20 - 30

meters high^ the basal moraine is visible as a band three meters thick,

Figso 9 and 10*> Above this basal moraine many dirty strata alternate with

clear iceo Some strata are charged with mar$r boulders amd silt and others

with only silt. The boulders in these strata are oriented so that their

long axes are parallel to the direction of motion  ^i0e0<> the rocks are

perpendicular to the cliff face, Fig* 11* Ice strata bend around boulders,

Fig* 12o In the basal moraine these strata are very thin and are not

remnants of firn stratification but must be glide planes in the iceo

Glacial Geology

The Windmill Islands were once completely covered by ice* The

gneissic rocks are smoothed and some pegmatic rocks are highly polished,

Figo lf>«> The granitic intrusives in the southern part of the area have

a knobby appearance with well-rounded summits5 Figo 8o

Striae and chatter marks on the various bedrock siarfaces^  Figs* 16

and 17$ indicate a movement of ice across the islands throughout an arc

from W5°S to W30°No Fig. 18 shows the direction of the ice motion in the

Budd Coast today and the direction in which ice moved over the islands

at an earlier time©

The Balaena Islets are void of striae and chatter marks but a glacial

groove 25 cm wide and three meters long was foundo The axis of the groove

is aligned N20°E and as the ice certainly moved from the continent the

direction of ice flow was N20°Eo This direction might seem anomalous

but5 when the over-all picture of the ice coverage at maximum glacierization

is considered^ it is compatible and even expected*

A relatively thin veneer of morainal material covers most of the low

areas on the islands,, Above 30 meters the ground moraine is undisturbed

except for the sorting action shown by frost polygons<> Between 30 meters

and sea level the moraine has been sorted by wave action* and the material

12

Fig, 9 Ice cliff north of Clark Peninsula. Mote

dirty basal ice to the left of weasel.

Photo by Richard L. Cameron,

i

• ,p{»

Fig, 10 View showing basal

moraine referred to

In Fig. 9. Note

large boulder near

man. Photo by

Richard L. Cameron.
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Fig. 11	 Large boulder issuing from ice cliff

alone shear plane. Long axis o.

boulder parallel to direction of ice

motion. Photo by Richard W Cameron.

Fig. 12 Fine ice strata in

basal moraine of

ice cliff bending

around boulder.

Photo by Richard L.

Cameron.

Ill

Fig, 13 Folding of ice strata in ice cliff. 
Photo by Richard L. Cameron, 
Fig. lit Complex Shearing and folding in ice cliff. 
Man standing on sea ice. Photo by John 
Molholm. 
Fig. 15 Polished surface of bedrock on knob adjacent to base. 
Official photograph, U. S. Navy. 
16 
Fig. 16 Crossing striae on bedrock, Clark Peninsula,

W2£°N and J£°S. Photo by Richard L. Cameron.

• ­km 
' •  • . 
ty: • 
• 
i[A, 
tJI 
/N Fig. 17 Chatter marks on gneissic rock, Clark Peninsula.

Glove points in the direc­

r 
tion of ice movement.

Photo by Richard L. Cameron.
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ICE MOVEMENTS ON THE BUDD COAST
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Fig. 18
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112© 1130 
i n 
66° 
-*—Direction of ice 
motion* 
<--Direction of 
earlier ice motion 
determined by striae, 
chatter marks, and 
grooves. 
67° 
has been deposited at the base of slopes, and in other areas the material is

redistributed to form beaches. There is, however, some sorted material

above the 30-meter level consisting of pebbles 2 - h cm in length, Fig* 19*

The formation of the ridges are not easily explained by physical processes

and Carl Eklund, biologist and station leader, suggests that they are old

penguin rookeries.

Glacial boulders are scattered among the islands and the largest one

discovered is 2 x 2 x 5 meters, Fig. 20.

Geochronology

Ftom the evidence gathered in the Windmill Islands, it is possible to

reconstruct a sequence of events from the time of maximum glacierization

to the present*

Ice advanced over the islands in a westerly direction and moved into

the relatively shallow northern part of Vincennes Bay where it was probably

grounded* As the mass continued to expand, the ice from the southern

extremity of Vincennes Bay began to influence the northern ice and the

movement shifted to a more northerly direction* As the ice moved away from

the land and into the outer limits of the bay a floating ice shelf was

formed* This shelf probably reached as far north as latitude 6j>°« The

southern and western part of Vincennes Bay are extremely deep and the ice

moving through this area was probably afloat most of the time* Thus a

definite ice stream was likely moving rapidly through the "Vincennes Ice

Shelf.w

The Balaena Islets are the most northerly outcrop on the Budd Coast

and it seems that the islets acted as a pivot point for the ice mass filling

Vincennes Bay* A glacial groove discovered in the B&laena Islets indicates

an ice movement of N20°E.

IDuring the glacial maximum no bedrock was exposed in the Budd Coast

area and Vincennes Bay was filled by an ice shelf*

Amelioration of the climate or a drastic reduction in the amount of

inland accumulation caused a retreat of the ice margin and an over-all

thinning of the ice sheet. As the ice became thinner the under-ice

topography began to influence the movement and again ice crossed the

islands in a westerly direction. The extent to which this retreat uncovered

land in the Windmill Islands is unknown, but it seems likely that much more

land was exposed during the Antarctic climatic optimum than is presently

exposed*

When this retreat occurred a great deal of water was released to the

oceans and sea level rose* Raised beaches exist on the Windmill Islands

up to 30 meters above present day sea level. Beaches were continuously

forming during the isostatic and eustatic adjustments. An absolute age

for these beaches has not as yet been determined, but coralline algae,

ftrchaeolithothamnion, Fig. 21, and pelecypod and gastropod shells have

Leen collected and are being submitted for C-ll dating*

19

Fig, 19 Ridge of sorted material above 30­

meter level on unnamed island

north of Clark Peninsula. Photo

by Richard L, Cameron,

Fig. 20 Erratic boulder, Clark Peninsula,

Photo by Richard L. Cameron.

20

Fig. 21 Horizontal thin section of coralline 
algae, Archaeolithothamnion. 20X. 
Fig. 22 Lichen trimllne, Clark Peninsula. 
Trimllne at level of man's waist. 
Photo by Richard L. Cameron* 
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Since the Antarctic climatic optimum, the ice has advanced slightly

and snowdrift ice has accumulated among the islands. Ridges of material,

similar to ice-pushed ridges, found some distance above present sea level

on beaches suggest that sea ice was active in the area before isostatic

and eustatic adjustments from the glacial maximum were complete. These

ice-pushed ridges were probably formed at the same time as the slight

glacial advance*. Thus the Windmill Islands have emerged or sea level has

lowered since the slight advance«

This advance of glacial ice was not large enough to overwhelm the

islands so the ice shared just inland of the islands bringing morainal

material to the surface*. The advance can only be dated as post-high-level­

beach time and equivalent to the ice-pushed-ridge-beach time.

In the Windmill Islands today snowdrift ice patches are being ablated

and a lichen trimline, Figo 22, shows a reduction in the size of perennial

snowfields* The tongue of the Vanderford Glacier has also retreated 1 l/2

to 2 miles from its position in 19U8. Thus, the climate in the Windmill

Islands area is becoming more mild and the ice margin is presently in a

state of retreato Retreat, however, is not to be construed as a drastic

change in ice volume and the exposure of new land areas, but is a definite

thinning of glacial ice in this area*

NOTES

I.	 Soundings at the ice front at latitude 65°3Of, longitude 113° give

water depths of 19h and 198 meters•

2O Highest beach levels measured on Werlein Islet:

Western part of islet - 26 meters

Eastern part of islet - 2)\ meters

3» Cellular deflation of granitic rocks is found on erratics near Clark

Peninsula and on the bedrock of Browning Island, Figs. 23, 2ii, and

25.
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Fig. 2!i

Figs. 23 and 2ii

Cellular deflation

of granitic

erratics, Clark

Peninsula. Photo

by Richard L.

Cameron.

Fig.- 25 Cellular

deflation of

granitic bedrock

on Browning

Island. Photo

by Richard L.

Cameron.
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GENERAL PHOTOGRAPHS

- o -

WILKES STAHON

Fig. 26 Snow-free surface of the Vanderford Glacier.

Photo by John Molholm.

Fig. 27 Chaotic surface of the Vanderford Glacier. A

man is standing near a movement stake. Bioto

by John Molholm.

2$

Fig* 28 Aerial view of melt water lakes in heavily

crevassed area adjacent to the Vanderford

Glacier. Lakes approximately $0 meters in

diameter. Photo by John Molholm.

Fig. 29 An elongate boulder coming to the ice

surface along a shear plane—shearing zone

immediately inland of the islands. Note

light meter hanging from boulder tip to

show the vertical. Photo by R. L. Cameron,

26

Fig. 30 Displacement of weasel trail by movement

of sea ice. Near Clark Peninsula. Photo

by R. L. Cameron.

Fig. 31 Frost cracks in fine material of elevated

beach, Clark Peninsula. Photo by R. L.

Cameron.
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EVIDENCE OF HIGHER SEA LEVELS IN THE WINDMILL ISLANDS

Olav Lpflcen

On most of the islands it is easy to distinguish two zones which have

a nearly horizontal boundary. The higher zone is moraine material randomly

distributed with boulders lying in very unstable positions. In the lower

zone the bedrock is to a great extent cleared of loose material and what

is left lies in a very stable position. The lower zone has been modified

by the action of the ocean. In maiy places the boundary between the two

zones ivS a bench formed in the bedrock or in moraine material. This shows

that a higher relative sea level existed and not only big waves have caused

the washing of the material in the lower zone. In many places there are

small gravel ridges and weak indications of benches in the bedrock and in

the morainal material at lower levels indicating intermediate sea levels.

A survey was made of the highest sea level which existed after the

ice retreated from the islands. All the locations where measurements were

made are marked on Map #2$ In pocket.

Measurement Methods

Heights of the shore levels were determined at first with a level and a

stadia rod, but this method was found to be too slow for the time available

so a transit and stadia rod was used instead. Heights of the shore features

were always measured from sea level. Whenever measurements were made, hourly

readings of the sea level against a rod set up at the station were taken.

This rod was anchored to an iron peg drilled into a big boulder. All heights

refer to this peg. The peg is approximately 3/U of a meter below mean sea

level. The maximum amplitude of the tide at the Windmill Islands is between

1 3 A and 2 meters. At all locations the position of the old sea level was

decided by the same man.

Location of Measurements

Height above

reference peg

Chappel Islands

On west side of big island.

Small beach in morainal material. 27*0 m

28

Height above

reference peg

Beal Island

2o NE of ho ll|8* on NW part of island. Sharp line

between washed and unwashed moraine material*

Steep slope and line possibly affected by

solifluction. 25.6 m

3o Between h. 107 and h. 107 NW part of island.

Two small but distinct shoreline in gravel and

small boulders• Exposed position and possibly

higho 30.5 m

Mitchell Island

U# Bench formed in the bedrock form the limit between

clearly washed and unwashed areas. 27-U ni

5o ¥ of ho 210 on N side of island. Shoreline formed

in moraine material. Influence by solifluction

possibleo 25*3 m

6o S of h* 121 on NE corner of island. Marked line

mainly in loose material in small east-facing valley. 26.9 ia

7.	 N of ho 172 on N side of island. Up to 50 m wide

bench formed in bedrocko Very conspicuous. Exact

sea level hard to determine. 22.9 m

0*Brien Island

8o	 Around ho 112 NW of highest point. Small but fairly

distinct shore formation formed in bedrock and loose

material. 26.6 m

9.	 N of h0 226 in middle of island. Uneven and rather

indistinct shoreline formed partly in bedrock and

partly in loose material* 30.1 m

Warrington Island

10.	 S of h« 178. Veiy nice shoreline formed in coarse

moraine material. 26.7 ni

Midgley Island

11.	 On E side. Shoreline formed in moraine material. 27.k m

lU8 means spot elevation 11*8.
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Height above 
reference peg 
Robinson Ridge 
12o On W side of ridge0 Wide bench formed in bedrock, 
Nice shoreline in moraine material slightly higher 
than bencho Steep slope and influence by 
solifTaction is possible0 27.8 m 
Ford Island 
13p Around ho 101 S of topo Very marked line between 
a. washed and unwashed area* Partly formed in 
moraine material, 28.1 m 
±ko S of ho 112 on NW part of islando
formed in moraine material•
 Small bench 
 28.9 
30

Fig. 32 Beaches, The long snow patch on the rock outcrop to the 
right shows location #5. To the left is the bench and 
cl iff at location #?• See Map *2 in pocket. In fora-
ground is the simple boat used for transportation among 
the islands. Photo by John Molholuu 
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Fig. 33 Raised beaches on Beal Island. Man standing on highest beach.

A lower level beach In center. Photo by John Molholm.

32

STUDIES OF SURFACE MOVEMENT OF THE VANDERFORD GLACIER, BUDD COAST

ANTARCTICA, FROM MARCH 1957 TO JANUARY 1958

Olav I^ken

Movement studies were carried out on the Vanderford Glacier from March

1957 to January 1958- It is a large ice stream flowing in a NNW-direction

as it calves off in the SE part of Vincennes Bay, approximately 25 km south

of Wilkes Station.

The ice stream was approached from the northeast where the icecap slopes

down towards the ice stream. This sligjatly rolling surface with few crevasses

is very different from the surface*of the ice stream itself. The boundary

between the two is very distinct and the uneven and heavily crevassed surface

of the ice stream stands out in marked contrast to the adjacent areas. The

eastern side of the ice stream could be studied quite well but not the western

side* Even from the higher spots on the eastern side it is impossible to see

across it. From as far as k km out on the ice stream there was no visible

change in the undulating crevassed surface. Thusly, it is not known if the

western boundary is marked as the eastern, or if it merges with the John

Quincy Adams glacier.

Approximately 1500 m to the east of the ice stream and approximately

15 km from its terminus lies Haupt Nunatak. This nunatak is a series of

rock outcrops rising up to 10 m above the otherwise even ice surface. The

nunatak is conveniently situated for the establishment of a baseline for

movement studies as it commands a good view of the eastern side of the ice

stream. However, the nunatak is lower than the more distant parts of the

ice stream and it forms the skyline approximately k km from the edge. This,

of course, limited the area which could be studied. The surface movement of

the easternmost k km of the profile across the ice stream was measured but

it cannot be stated what part of the entire profile this comprises.

The stakes were emplaced and measured on March 2 and 3, 1957•

stakes were to be remeasured before winter but the survey party was pre­

vented from doing so by bad weather. Following the computation of the

1 October measurements, it was found desirable to set out more stakes and

so the glacier was revisited three weeks later. The last measurements were

taken shortly before the arrival of the relief ships. When the stakes were

emplaced they were assigned numbers beginning with 1 and increasing with

the distance from the nunatak. Some stakes were measured only once and were

not relocated and reset. In other places new stakes were added in between

old ones and A and B were added to existing numbers. This is the reason for

the irregularities in the numbering system since the changing of numbers on

the stakes was avoided.
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Fig. 3U Men on Vanderford Glacier. Haupt Nunatak upper right,

movement stake near hummock left-center. Between this

stake and the nunatak the surface is quite smooth and

the movement is very little. Official photograph,

U. S. Navy.

./

Fig, 35 Two men standing at Stake #11 (upper left) on

Vanderford Glacier* Note surface disrupted by

crevasses. Official photograph, U. S. Navy.

4 
Measurement Methods

A profile of stakes was set in across the ice stream as far as one could

see and the angles were observed to this profile from the ends of a baseline

(AB) laid out on Haupt Nunatak. Bamboo poles with orange flags were used

first. These were hard to see over the long distances to the farthest stakes

and they were later substituted by 211 x k" wooden stakes with a piece of

plank across the top. The higher parts of these were painted dark making

them readily visible. During the warm season melting in the drill holes

caused the stakes to fall down. This often made it hard to find the stakes

which had to be done before each measurement* When the stakes were found

it was easy to pick their original positions and they were reset close

behind (as seen from A and B) the old place. It has not been found neces­

sary to correct for this.

When choosing the baseline the following was considered: (l) to have it

on bedrock so no changes could occur, (2) to make it as long as possible in

the direction parallel to the velocity of the ice stream, and (3) to get it

high, in order to see as far as possible across the glacier. The baseline

selected was h3$•17 m long and it made a 30° angle with the mean velocity

of the glacier. The main baseline could not be tapedj therefore, it was

computed from the angles taken from the ends of a taped sub-baseline.

Angles were taken with a Dietzgen transit graduated to 30". The angles

were read twice direct and twice reversed with a closing requirement of one

minute. The angles are regarded to be right within 10". The vertical angles

were measured to the top of the marker. The height of the markers above the

ice was not measured so the elevations are affected by possible resetting of

the markers and even more by the inaccuracy of the instrument over such great

distances. Thus, the elevation should not be used for detailed studies of

the vertical movement.

In working up the observations 5-decimal logarithms have been used.

The position of the markers is given with three coordinates X, Y, and h.

The cartesian coordinate system has the origin at A and the X-axis along AB,

The coordinates are given to the nearest decimeter. This accuracy is good

for the closer stakes. However, for the more distant ones, as 9 and those

further out, the decimal point is hardly justified, but it is nevertheless

given since the coordinates are not regarded to be the ultimate end oT the

computation.

As a basis for the elevations we have set A as 200 n. a r:nnd roiiribor

close to 600 feet as indicated on the map. An altimeter was not available

for a more accurate determination of the elevation. It >;ill be neeessarr

to have the exact value when considering whether the ice is afloat or not

at the point it was measured. Soundings in front of the glacier show very

great depths so this possibility has to be considered.

The skyline profile of the ice stream is a series of waves. Three

wave crests were visible in front of Station B and the angles to the

highest point on each one was measured.
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MOVEMENT STAKE COORDINATES

Date Stake X(m) Y(m) h(m)*

3 March 1957	 1 567.3 239. h 171. h 
h 
5

53U.O 1362. I* 156.8 
791.1 11*86.7 153.3 
6 818.1 1658.0 161. k 
7 999.9 1915.0 158.8 
8A 835.7 2193 M 162.5 
9 692.6 3308.6 180.0 
10A lU81;.l U071.6 176.5 
1 October 1957	 1 567.2 239.2 
2 592.1 866.8 
k 
5

Shk.S 1351i.7 
836.7 11*55.1 
6	 88U.3 1620.0 
7 U03.U 1863.3 
8A 968.O 2137.0 
9 1030.1 3201.7 
10B 1935.1 3795.5 
23 October 1957	 1 567.3 239.U 169.7 
2 592.1 867.1 158.5 
h 
5

51*6.1 1355.6 153.7 
8ia. 6 11*52.5 Hi9.3 
6 891. U 1616.6 159.1 
7 1116.1 1862.3 158.0 
8A 982.6 213U.3 160.6 
8B 1023.2 2551i.6 165.0 
9 1066.8 3196.5 171;. 7 
10A 1925.1 391*8.7 173.8 
10B 1977.8 3785.8 177.2 
11 2775.3 1*651.8 199.6 
10 January 1957	 1 567.2 239.3 168.6 
h 
5

550.2 1352.8 153.2 
858.0 iUa.6 151. h 
6 916.1 
7 1153.7 
8A 1031.7 
8B 1105.2 
9 1192.9 
10A 2O7U.6 
10B 2127.2 
11 2935.2 
1603.5 
18U3.1 
2lHt.U 
2525.8 
3153.2 
3906.2 
37U6.2 
h6lh.3 
161.1 
159.6 
162.6 
16U.7 
177.1 
176.7 
176.5 
197.5 
*Elevation of A arbitrarily set at 200 m.a.s.l.
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ANGJ LES BETWEEN A AND WAVE CRESTS

Horizontal

Date Crest Angle 
3 March 1957 1 
2 
3 
98°36» 
1 1  W 
131°01» 
23 October 1 
2 
3 
1O2°56» 
118°58» 
133°19» 
10 January 1 
2 
3 
10U°25» 
12O°22« 
13U°2O» 
Vertical

Angle

+28 •

+25f

+17*

+28»

+20'

+13'

+30'

+18'

+13'
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IEEP PIT

Introduction

In order to study the accumulation of snow in the Budd Coast area for

the last few decades, a deep pit was excavated in the firn area* The site

selected for this work is located at 66°30o7'S, 112°12o8'E, and is 50 miles

ESE of the main base at an elevation of 1139 meters*, The pit is 2 meters

square and 35 meters deep*. For ease in transporting firn from the pit, it

was dug at an angle of 15° from the verticalc A deformation tunnel was

also made at the 30-meter level with dimensions as follows2 2 meters in

diameter and 6 meters in lengtho At the bottom of the pit a drill hole

(10° from the vertical) was made to the 6lo8Ij-meter levelo

A total of 5UU density measurements were taken in the wall of the pit

and from the core hole* The stratigraphy was recorded and annual layers

were determined from melt layers whidj occurred during most summers*

Identification of annual layers to the bottom of the pit was possible*

The annual layer at the pit bottom is dated 1783<> Dating below the pit

bottom, using the core stratigraphy and density data, has not as yet been

done* All depths referred to in the deep pit are in reference to the

surface of h June 1957 c

Deformation dowels were set in the wall of the pit and measurements

were taken during the 1958 season* These measurements will be reported

later. Temperatures of the firn were recorded during the excavation of

the pit. Oxygen-isotope samples (200) were taken from the wall of the

pit in anticipation of a method for substantiation of the annual dating.

However, no results of the oxygen-isotope analysis have been received as

yet.

IiO

Fig. 37 Looking down

into deep pit at S-2

Station, TVo men

taking density samples

from wall with coring

auger. Photo by

John Molholm.

A

Fig. 38 Measurements

being made in de­

formation tunnel

30 meters below

the surface at S-2

Station. Photo by

Richard Berkley.

WILKES DEEP PIT DENSITIES

June - September 1957

Depth

cms

13

22

29

38

45

50

57

61

TO

76

84

91

98

103

111

116

126

137

139

147

152

160

167

175

181

189

195

203

209

216

221

230

236

243

249

257

264

271

279

285

292

300

306

314

Densit

g/cm.3

.45

.41

c43

.45

.44

.42

.47

.51

.49

.39

.47

.46

.51

.52

.37

.40

.43

.41

.36

.39

.47

.35

.47

.50

.49

.43

.41

.40^

.56

.45

.46

.47

.50

.47

.43

.41

.64

.50

.44

.46

.47

.44

.41

.42

Depth

cms

321

329

337

345

354

363

368

375

380

389

394

402

407

415

423

429

436

456

457

465

471

476

485

492

500

508

515

521

531

538

545

554

559

566

575

581

589

598

604

611

619

626

634

637

Densi;

g/cm­

.46

.45

.50

.48

.46

.48

.48

.45

.46

.51

.50

.41

.49

.48

.50

.50

.50

.50

.53

.51

.50

.62*

.53

o55

.54

.55

.54

.40

.54

.54

.56

.53

.53

.53

.53

.56

.57

.56

.57

.55

.55

.54

.58

.56

Depth

cms

645

653

659

67O

680

689

700

710

719

729

738

748

756

767

777

788

795

8O5

816

821

831

839

844

857

864

876

883

895

901

915

927

934

942

952

965

975

983

992

1003

1007

1015

1022

1031

1038

Density

g/cm?

.56

.57

.56

.56

.58

.57

.57

.57

.60

.59

.58

.60

.60

.61

.60

.59

.60

.60

.60

.60

.58

.58

.59

.59

.56

.60

.58

.60

.60

.61

.62

.64

.61

.63

.62

.61

.62

.62

.62

.63

.63

.63 
.62

.62

l/2 cm ice layer in this sample

WILKES :DEEP PIT DENSITIES
(Continued)

Depth Densi Depth Density Depth Densil

cms g/cm cms g/cm3 cms g/cm­

1047 .63 1457 .67 1853 .72

1054 .63 1467 .68 1864 .72

1062 ,62 1473 .68 1871 .70

1070 .63 1477 .68 1880 .71

IO78 .63 1486 .68 I892 .73

1089 .63 1491 .69 1901 .72

1096 .64 1502 ,68 1910 .72

1104 .63 1510 .69 1917 .73

1110 .63 1520 .68 1926 .7*

1121 .64 1527 .69 1935 .71

1127 .64 1539 .69 1945 .72

n42 .64 1545 .69 195^ .71

1150 .63 155^ .68 1963 .70

1158 .64 1561 .68 1973 .72

1169 .64 1570 .68 1982 .72

1179 .64 158O .68 1991 .71

1187 .65 1588 ,69 1995 .72

1194 .65 16OO .68 2001 .70

1205 .65 1605 .69 2011 •72

1214 ,66 1611 .68 2019 .70

1224 .65 1621 .68 2030 .73

1234 .65 1628 .68 2038 .71

1247 .65 1636 .68 2048 .72

1260 .65 1645 .69 2056 •72

1272 ,66 1654 .68 2066 .72

1284 .65 1662 .68 2074 .72

1291 ,66 1670 .68 2083 .72

1299 .65 1674 .69 2093 .73

1305 ,66 1683 .70 2100 .72

1314 ,66 1689 .68 2113 .73

vat
1318 .65 1699 .70 2123 .7^ 

1704 .68
1333 ,66 1 2131 .73

1336 .66 1713 .69 2148 .73

1345 .65 1724 .68 2160 .73

1353 ,66 1730 .68 2168 .7*

1363 ,66 1740 .69 2176 .72
1

1370 ,66 1750 .70 2185 .73

1378 ,66 1757 .70 
2196 
.1*

1386 .67 .70 2206 .73

1398 .66 1768 .70 2216 .7*

1404 ,66 1779 .72 2228 .73
1785 2238
1412 .67 1795 .71 2250 o72
1418 ,68 1805 .71 .75

rr ,
1428 .68 1815 ,71 2261

1437 .67 1824 .71 2271 •75

1443 .68 1833 .71 2281 .73

1.450 ,68 1842 .72 2288 .75

U3

W.TLKES DEEP PIT DENSITIES

(Continued)

Depth

cms

2296

2304

2315

2321

2330

2339

2348

2359

2368

2377

2386

2395

2404

2412

2422

2431

2441

2449

2458

2465

2474

2483

25OO

2510

2519

2527

2537

2542

2554

2563

2575

2584

2593

2600

2610

2619

2629

2638

2647

2659

2670

2679 
2690 
27OO 
27.12 
2723 
2733 
Density 
g/cm3 
.75

.73 
.73 
.75 
.74 
.72 
.70 
«lk 
.7* 
.75 
,73 
.7* 
.7^ 
.76 
.73 
.7* 
.74 
.76 
.75 
.75 
.75 
.74 
.75 
.75 
.74 
.74 
.74 
.75 
,76 
.75 
.77 
.76 
38o 
Depth

cms

2744

27.56

2764

2773

2783

2792

2802

2816

2829

2839

2848

2855

2865

2874

2884

2889

2900

2907

2919

2926

2935

2947

2957

2966

2977

2986

2999

3008

3019

3030

3035

3044

3050

3056

3065

3076

3084

3093

3102

3108

31.17

3130

3137

3145

3156

3164

31Y5

Densi

g/cm

.79

O80

.81

.78

.80

.76

.77

.78

.77

.78

.80

.80

.80

.80

.Ik

.78

.7*

&

.73

.76

.76

.76

.73

.79

.79

.79

.76

.75

.7*

.81

e80

.76

.79

.75

.80

.75

.78

.77

.78

.79

.76

.79

.75

.81

.80

.75

.75

Depth Density

cms g/cm3

3184 .76

3196 .80

3201 .80

3213 .75

3221 .79

3232 .80

3240 .75

3251 .80

3262 .81

3271 .81

3277 .82

3284 .82

3291 082

3298 .84

3307 .84

3314 .82

3320 .81

3330 .82

3341 .79

3347 .79

3355 .82

3365 .81

3377 .83

3383 .82

3393 .82

3400 .81

3408 .82

3415 .80

3421 .83

3428 .82

3439 .83

3452 .82

3461 .83

3475 .82

348.1 .83

3502 .82

Pit Bottom

3520

WILKES DEEP PIT DRILL CORE DENSITIES

Depth 
cm 
3520-3531

3531-3548

3548-3565

3565~358l

3581-3598

3598-3616

3616-3633

3633-3657

3657-3678

3678-3695

3695-3717

3717-3736

3736-3754

3754-3771

3771-3772

3772-3792

3792-3812

3812-3836

3836-3861

3861-3883

3883-3908

3908-3926

3926-3943

3943-3960

3960-3988

3988-4013

4013-4023

4023-4042

4042-4063

4063-4084

4084-4105

4105-4123

4123-4l40

4l4o-4l47

4l47-4l65

4i65-4l78

4178-4196

4196-4221

4221-4238

4238-4255

4255-4267

4267-4289

4289-4311

4311-4327

4327-4342

4342-4358

4358-4384

4384-4398

Density

g/cm.3

.82

.82

.81

.82

.82

.81

.81

.83

.84

.83

e84

.84

.82

.85

.84

.85

.83

.83

.85

.84

.84

.85

o84

.86

.84

.85

.85

.86

.84

.86

.86

.87

.84

.85

.86

.84

.87

.87

.88

.84

.85

.86

—

.87

.87

.87

.87

Depth

cm

4398-4422

4422-4444

4444-4465

4465-4486

4486-4514

4514-4525

4525-4542

4542-4559

4559-4562

4562-4590

4590-4606

4606-4632

4632-4649

4649-4668

4668-4687

4687-4705

4705-4722

4722-4724

4724-4744

4744-4766

4766-4786

4786-4806

4806-4822

4822-4839

4839-4851

4851-4870

4870-4885

4885-4900

4900-4915

4915-4941

4941-4943

4943-4960

4960-4977

4977-4992

4992-5005

5005-5033

5033-5049

5049-5079

5079-5089

5089-5116

5116-5142

5142-5167

5167-5172

5172-5189

5189-5205

5205-5223

5223-5239

5239-5242

Density

g/cm3

.87

.88

.88

.87

.86

.87

.87

.88

.87

.89

O89

.88

.88

.88

pp.

.OO

—

.87

88

088

.88

.88

.88

.88

.89

•89

.90

.90

•89

.88

.88

.89

.88

.89

.89

.89

.89

.89

.88

.89

—

.88

.88

.89

.89

Depth 
cm 
5242-5250

5250-5252

5252-5275

5275-5277

5277-5294

5294-5312

5312-5327

5327-5342

5342-5366

5366-537^

537^-5395

5395-5409

5409-5425

5425-5442

5442-5455

5455-5468

5468-5479

5479-5501

5501-5521

5521-5542

5542-5565

5565-5576

5576-5601

5601-5603

56O3-5619

5619-5635

5635-5650

5650-5661

5661-5679

5679-5693

5693-5696

5696-5718

5718-5726

5726-5741

5741-5760

5760-5787

5787-58O1

58OI-582O

5820-5826

5826-5827

5827-5838

5838-5839

5839-5845

5845-5869

5869-5885

5885-5904

5904-5906

5906-5916

Density

g/cm3

,88

,89

.89

.88

.90

.89

.90

.90

.90

.89

.90

.90

.90

.89

.90

.90

.90

.89

.90

.91

.90

.90

.89

.91

,88

.91

.90

•91

.89

.90

.90

•90

.91

.91

.91

.90

.91

.90

.90

.91

¥ILKES DEEP PIT DRILL CORE DENSITIES

Depth Density Depth Density

cm g/cm? cm g/cm3

Depth 
cza 
5916-5927

5927-5931

5931-5951

5951-5156

5956-5973

5973-5991

5991-5992

5992-6000

6000-602^

6024-6046

6046-6055

6O55-6O57

6057-6072

6072-6076

6076-6086

6O86-6O93

6093-6105

6IO5-6IO6

6106-6117

6117-6119

Density
g/cnP 
.91

.91

.91

.91

.91

.91

.91

.91

.91

M O * 
.90

.91

.91

2*6
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A3INUAL ACCUMULATION S-2 DEEP PIT

Summer

1957

1956

1955

1951

1953

1952

1951

1950

19U9

19U8

19U7

19U6

19U5

19U3

19U2

19U1

19U0

1939

1938

Annual Cumulative 
Accumulation Accumulati on 
Water Water Running 5-year Mean 
Depth h A h Equivalent Equivalent Mean Accumulation 
(cm) (cm) (cm) (cm) (cm) (cm) 
18 
IiO 17.6 17.6 17.6 
58 
27 12.1 29.7 1U.8 
85 
28 13.6 U3.3 1U.U 13.0 
113 
30 12.3 55.6 13.9 
Ui3 
23 9<S 65.1 13.0 
166 
30 lli.l 79.2 13.2 
196 
32 15.0 9U.2 13.U 
228 
3U 15.8 110.0 13.7 13.3 
262 
15 7.8 117.8 13.1 
277 
30 13.6 131.1* 13.1 
307 
26 11.5 1U2.9 13.0 
333 
27 12.8 155.7 13.0 
360 
25 11.6 167.3 12.9 12.5 
385 
35 15.9 183.2 13.1 
U20 
21 10.5 193.7 12.9 
UUl 
36 18.7 212.U 13.3 
U77 
23 12.h 22U.8 13.2 
500 
3$ 18.0 2li2.8 13.5 13.6 
535 
15 8.2 251.0 13.2 
550 
20 10.6 261.6 13.1 
BOTEs Summers are given as the date of the new year to avoid

giving two years to denote the summer. Therefore, a

summer period 19I&-I955 is given as

AIRAL JUXXMQUnQV 5-2 SEEP PIT 
Summer

1937

1936

1935

193U

1933

1932

1931

1930

1929

1928

1927

1926

1925

1921*

1923

1922

1921

1920

1919

1918

(Continued) 
Annual Cumulative 
Accumulation Accumulation 
Water Water 
Depth h 
(cm) 
Ah 
(cm) 
Equivalent
(cm) 
Equivalent
(em) 
570 
29 16.1 277.7 
589 
15 8.5 286.2 
601* 
16 8.9 295.1 
620 
15 8.1* 303.5 
635 
26 1U.7 318.2 
661 
lit 7.8 326.0 
675 
U* 8.0 33l*.O 
689 
35 20.0 351uO 
72U 
20 11*7 365.7 
710* 
758 
lU 8.1* 37U.1 
779 
21 12.7 386.8 
799 
20 11.9 398.7 
20 12.0 U10.7 
819 
2k llt.2 
81*3 
859 
16 9.1* H3U.3 
879 
20 11.5 
902 
23 13.6 U59.lt 
928 
26 15.8 1*75.2 
9U6 
18 11.3 1*86.5 
22 13.7 500.2 
Running
Mean
(cm)
 5-year Mean 
 Accumulation 
 (cm) 
11.3 
11.2 
12.0 
h9

ANNUAL ACCUMULATION S-2 DEEP PIT

(Continued)

Annual Cumulative

Accumulation Accumulation

Summer 
Depth h 
(cm) 
Ah 
(cm) 
Water 
Equivalent 
(cm) 
Water 
Equivalent 
(cm) 
Running 
Mean 
(cm) 
5-year Mean 
Accumulation 
(cm) 
1917 968 
22 13.5 513.7 li.i IIS 
1916 990 ! 
1915 
1911* 
1913 
1010 
1051* 
1076 
20 
1*1* 
22 
12.5 
27.5 
13.7 
526.2 
553.7 
567.1* 
11.2 
4  51 
"I* 
/  I >& 
//.£
/Z,9 
 16.8 
1912 1103 
27 16.9 58i*.3 11J7 
1 
13 £ 
1911 111*2 
39 2lu8 609.I 11J9 / 2,1 
16 10.1 619.2 1119 13.1 
1910 1158 
1909 1185 
27 17.3 636.5 12.0 / J .  3 15.2 
1908 1205 
20 13.0 61*9.5 1240 *3J 
17 11.1 660.6 12U 
1907 1222 
18 11.7 672.3 12.0 
1906 121*0 
23 15.0 687.3 12.0 
1905 1263 
1901* 1282 
19 12.1* 699.7 12*0
" 1 
"'•• k 
1903 1311 
29 19.0 718.7 12.2 / 3 *3 
1902 1332 
21 13.8 732.5 1242 /3J 
17 11.2 71*3.7 12.2 11.1 
1901 131*9 i i 
1900 1369 
20 13.2 756.9 1242 /J , I 
1899 1386 
17 11.3 768.2 12^2 /3<l 13*2 
1898 11*06 
20 13.2 781.1* 1242 /.I. 2* 
25 16.9 798.3 12*3 
5o

ljftO7 
1896 
1895 
1891* 
1893 
1892 
1891 
1890 
1889 
1888 
1887 
1886 
1885 
1881* 
1883 
1882 
1881 
1880 
1879 
1878 
Depth h 
(cm) 
U*31 
Ihhh 
ll*59 
11*75 
11*91* 
1511* 
1527 
1550 
1570 
1595 
16U* 
161*6 
1670 
1685 
1701 
1711* 
171*6 
1761* 
1792 
1811 
ANNUAL ACCUMULATION S-2 DEEP PIT 
(Continued) 
Annual Cumulative 
Accumulation Accumulation 
Vater Water Running 
A h Equivalent Equivalent Mean Accumulation 
(cm) (cm) (cm) (cm) (cm) 
13 8.8 807.1 12.2 /n 
15 10.2 817.3 12.2 /?•:. 
16 
19 
10.9 
12.9 
828.2 
81*1.1 
12.2 
i
1212 
. ' / .:
/ ? X 
 11.3 
1 
20 13.7 851*.8 12L2 
13 8.9 863.7 
1
12,2 13.1 
23 15.9 879.6 12.2 Ui 
20 13.6 893.2 12.2 13J i 3  #  7 
25 17.0 910.2 12.3 i3>L 
19 13.0 923.2 12.3 / 3  . Z 
32 21.8 9U5.O 12.U /.? S 
21* 16.1* 960.1* 12i5 / i  f 
15 10.3 970.7 12.5 
16 11.0 981.7 12*1* is* 5 
11* 9.6 991.3 12*1* 
'I! 
/ 3* z> 
31 21.0 1012.3 i 3 * 5 
18 12.6 102l*.9 124$ 
27 19.2 101*1*. 1 12U6.. fS^ 16.1* 
20 1U.2 1058.3 1246' 
21 Ht.9 1073.2 ills n.f 
51

ANNUAL ACCUMULATION S-2 DEEP PIT

(Continued)

Annual Cumulative 
Accumulation Accumulation 
Vater Water Running 5-year Mean 
Depth h A  h Equivalent Equivalent Mean Accumulation 
Summer (ca) (ca) (cm) (cm) (cm) (cm) 
1877 1832 
20 uu 1087.6 12P6 )l,lf 
1876 1852 
20 1U.3 1101.9 12*7 n*H 
1875 1872 
16 11.3 1113.2 12*7 / 3 - V 1U.U 
187U 1888 
13 9.1* 1122.6 12.7 'M 
1873 1901 
31 22.6 11U5.2 12.7 MS 
1872 1932 } i 
15 10,7 1155.9 12.7 13*** 
1871 19U7 
15 10.6 1166.5 1(2.7 Jlf 
1870 1962 I

U9 35.0 1201.5 l£i7 /i.? 15.3

1869 2011 
13 9.2 1210.7 13.6

1868 202U

15 10.8 1221.5 13.6

1867	 2039

17 12.2 1233.7 13.76

1866 2O5U

20 Hi.U 121*8.1 13.6

1865 207U

15 10.8 1258.9 13.5 13.6

186U 2091

20 1U.5 1273.U 13.5

1863 2111

22 16.2 1289.6 13.6

1862 2132

21 15.3 130U.9 13.6

1861 2153

15 11.0 1315.9 13.6

i860 2168

25 18.2 133U.1 13.6 17.1

1859 2193

hi 30.0 136lul 13.8

1858 223U

15 11.0 1375.1 13.7 11*

52

Summer 
1857 
1856 
1855 
185U 
1853 
1852 
1851 
1850 
18U9 
18U8 
18U7 
18U6 
18U5 
18UU 
18U3 
18U2 
18U1 
18U0 
1839 
1838 
Depth h 
(cm) 
22lt9 
2262 
2277 
2288 
2301 
2319 
2337 
2371 
2390 
2U22 
2U37 
2lt5O 
2U6U 
2li8l 
2502 
2521 
2536 
25Ui 
2561 
2571 
ANNUAL ACCUMULATION S-2 DEEP PIT 
(Continued) 
Ah 
(cm) 
Annual
Accumulation 
Water 
Equivalent 
(cm) 
 Cumulative 
Accumulation 
Water 
Equivalent 
(cm) 
Running
Mean
(cm)
 5-year Mean 
 Accumulation 
 (cm) 
13 9.7 138U.8 13.7 
15 11.2 1396.0 13.7 
11 8.1 UiOiwl 13.6 10.5 
13 9.9 HilU.O 13.6 
18 13.7 1U27.7 13.6 
18 13.6 1WU.3 13.6 
3U 25.0 1U66.3 13.7 
19 llt.O 1U8O.3 13.7 17.lt 
32 23.5 1503.8 13.8 
15 11.1 151U.9 13.8 
13 9.6 152U.5 13.7 
11* 10.U I53li.9 13.7 
17 12.7 15U7.6 13.7 12.5 
21 15.U 1563.0 13.7 
19 1U.2 1577.2 13.7 
15 11.2 1588.h 13.7 
8 6.0 159U.U 13.6 
17 12.6 1607.0 13.6 10.1 
10 7.U 161U.U 13.6 
18 13.3 1627.7 13.6 
53

ANNUAL ACCUMULATION S-2 DEEP PIT

(Continued)

•unuoer 
1837 
1836 
1835 
1831* 
1833 
1832 
1831 
1830 
1829 
1828 
1827 
1826 
1825 
1821* 
1823 
1822 
1821 
1820 
1819 
1818 
Annual Cumulative 
Accumulation Accumulation 
Water Water 
Depth h 
(cm) (cm) 
Equivalent 
(cm) 
Equivalent 
(cm) 
2589 
15 11.1 1638.8 
2601* 
18 13.1* 1652.2 
2622 
17 12.6 1661*.8 
2639 
19 H*.l* 1679.2 
2658 
26 19.8 1699.0 
2681* 
39 30.0 1729.0 
2723 
17 13.1* 171*2.1* 
271*1 
12 9.S 1751.9 
2753 
23 18.1* 1770.3 
2776 
18 Ht.l 1781*.!* 
2791* 
19 U*.6 1799.0 
2813 
21 16.3 1815.3 
2831* 
21 16.7 1832.0 
2855 
11 8.8 181*0.8 
2866 
8 6.1* 181*7.2 
2871* 
21 16.0 1863.2 
2895 
13 9.6 1872.8 
2908 
25 18.6 1891.1* 
2933 
19 ll*.l* 1905.8 
2952 
9 6.6 1912.1* 
Running 5-year Mean 
Mean Accumulation 
(cm) (cm) 
13.5 
13.5 
13.5 Hi.3 
13.5 
13.6 
13.7 
13.7 
13.7 17.1 
13.7 
13.7 
13.7 
13.7 
13.8 12.5 
13.7 
13.7 
13.7 
13.7 
13.7 13.0 
13.7 
13.7 
JBIUAL ACCUMULATION S~2 DEEP PIT 
(Continued) 
Annual 
Accumulation 
Cumulative 
Accumulation 
Water Water Running 5-year Mean 
Summer 
Depth h 
(cm) 
Ah 
(cm) 
Equivalent 
(cm) 
Equivalent 
(cm) 
Mean 
(cm) 
Accumulation 
(cm) 
1817 2961 
9 7.1 1919.5 13.6 
1816 2970 
13 10.3 1929.8 13.6 
1815 2983 
1U 10.8 19U0.6 13.6 11.8 
181U 2997 
23 17.2 1957.8 13.6 
1813 3020 
17 13 oh 1971.2 13.6 
1812 3037 
15 11.7 1982.9 13.6 
1811 3052 
11 8.5 1991.U 13.5 
1810 3063 
12 9«3 2000.7 13.5 9.0 
1809 3075 
10 7.7 2008.U 13.5 
1808 3085 
10 7.8 2016.2 13.U 
1807 3095 
26 20.2 2O36.U 13.5 
1806 3121 
12 9^ 2OU5.9 13.5 
1805 3133 
16 12.5 2058.U 13.5 12.2 
180U 311i9 
16 12.6 2071.0 13.5 
1803 3165 
8 6.0 2077.0 13.li 
1802 3173 
9 6.8 2083.8 13. h 
1801 3182 
31 2luO 2107.8 13.li 
1800 3213 
12 9.2 2117.0 13.h lli.O 
1799 3225 
17 13.2 2130.2 13.U 
1798 32U2 
21 16.6 211*6,8 13. h 
XMUkL ACCUMULATION S*2 DEEP PIT

(Continued)

Summer

1797

1796

1795

179U

1793

1792

1791

1790

1789

1788

1787

1786

1785

1781*

1783

Depth h 
(cm) 
3263

3277

3290

3307

3321

3338

335U 
3368

3386

3U01

3lil6

3U26

3liU0

3U53 
3ii7li 
L h 
(cm) 
111

13

17

111

17

16

1U

18

15

15

10

Ik 
13

21

Annual 
Accumulation 
Water 
Equhralent 
(cm) 
11.3 
10.6 
1U.2 
11.5 
13.8 
12.8 
1 1 . U 
111. 7

12.3 
12.2 
8.2 
11.5 
10o7 
17.3 
Cumulative 
Accumulation 
Water 
Equivalent 
(cm) 
2158ol 
2l68o7 
2182.9 
219li.li 
2208.2 
2221.0 
2232.1i 
22li7.1 
2259.k 
2271.6 
2279.8 
2291.3 
2302.0 
2319.3 
Runnin 
Mean 
(cm) 
13.U 
13 oh 
13.U 
13. h 
13. h 
13.U 
13. h 
13.it 
13.li 
13.1* 
13.3 
13.3 
13.3 
13.3 
Accumulation

(cm)

12.3

12.7
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DEEP PIT TEMPERATURES

The temperature of the firn was recorded as the deep pit was excavated•

Temperature measurements were made using the following procedure* A hole

one meter long and l/2 inch in diameter was drilled in the wall of the pit

and then the thermohm was inserted and snow was used to pltig the open end

of the hole* After a sufficient length of time for the thermohm to stabil­

ise the reading was taken with the Wheatstone bridge* When the vertical

core drilling was proceeding at the bottom of the pit the thermohm would

be lowered into the hole at the end of the day^s drilling operation and

some snow was thrown in to cover the elemento The next morning the thermohm

was read and the hole was then cleared for the dayfls worko

The readings of 10^ 11^ and 16 October which repeatedly give a value

of ~19o60° C for U29 $29 and 6I08J4 meters seem to be in error« A number

of readings taken at the bottom of the drill hole (6I08I4. m) on 27 November

consistently gave a value of -19ol*3° Co It is thus likely that the values

for U2 and $2 meters should be in between -19<,Ul° C and -19<,k3° C* It is

possible that the bottom of the drill hole warmed up during the period

16 October and 27 Octoberj however^, the drill hole itself was covered with

a small plywood sheet so as to eliminate any circulation of the air which

might affect the temperatureso

Depth Depth Depth

Date cms Teinpo C Date cms Tenip. C Date cms Ten?). °

X957

20 June 25 -21.55 28 July 25 -17.1*5 10 Oct 1*200 -19.60

50 -25.50 50 -19.20

100 -25.00 100 -18.70 11 Oct 5200 -19.60

200 -19.90 200 -20.1*0

300 -19.00 300 -19.85 16 Oct 6181* -19.60

1*00 -18.65 1*00 -19.65

500 -19.1*2 27 Nov 618^ -19.U3

25 June	 5oo -18.1*1 600 -19.30

600 -I8o62 700 -19.35

700 -18.81 800 -19.1*0

800 -19.00 900 -19.1*0

900 -19.20 1000 -19.1*1

2300 
-19.1*1

29 June 1200 -19.38
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DEFORMATION TUNNEL

During the interval 21 September ~ h October a cylindrical tunnel was

excavated off the deep pit shaft at the 30 meter levelo The tunnel is 2

meters in diameter and 6 meters in lengtho Pegs were placed in the vails

of the tunnel in several profiles so that the amount of deformation could

be measuredo Also for deformation measurements^ at the inner end of the

tunnel a system of squares was cut in the wall—a 60 centimeter square cut

into 36^ 10 centimeter squares o

The first measurements of the pegs were made on 8 October 1957o The

measurements were continued during 1958 and into January of 195>9 by the

glaciological group led by John Hollin0

Deformation Tunnel Cross Section

Measured Diameters

As B, Cs D and

£ have ls 2, 3,

h

2 m

 F and G have 1

and 3

H has #3 only

DEFORMATION TUNNEL READINGS

1957 1958 
8 Oct 1 2 3 it 23 May 1 2 3 1* 
A 152.8 171.2 171.3 163.0 A 152.1 170.1* 170.2 162.1* 
B 163.3 178.5 177.6 175.8 B 162.7 177.6 176.1* 175.0 
C 170.1* 181*.$ 189.1* 173.7 C 169.6 183.5 188.2 172.7 
D 173.2 183.2 190.8 181.9 D 172.5 182.3 189.1* 180.9 
E 166.1* 181.9 193.3 183.0 E 165.5 180.9 192.0 187.0 
F 161.8 F 160.9 177.5 
G G 155.3 188.9 
H 176.7 
27 Nov 1 2 3 
A 152.8 170.9 170.9 162.8 It Sept 1 2 3 1* 
B 163.1 178.2 177.2 175.6 A 151.8 170.0 170.1 161.9 
C 170.1 I81i.3 189.1 173.li B 162.3 177.2 175.8 171*. 1 
D 173.0 182.9 190.lt 181.6 C 169.2 183.1 187.1* 172.3 
E 166.1 181.6 193.2 182.6 D 172.0 181.7 188.8 l80.lt 
F 161.6 E 165.1 180.1* 191.3 181.1* 
G <~_ F 160.3 176.7 
H 177.6 Q 15U.9 188.2 
H 176.2 
27 Dec 1 2 3 it 
A 152.5 170.9 170.9 162.8 15 Nov 1 2 3 1* 
B 163.1 178.1 177.2 175.6 A 151.7 169.8 169.1* 161.7 
C 170.1 181*.2 188.9 173.U B 162.1 176.9 175.5 17U.3 
D 172.9 182.2 190.3 181.6 C 169.0 182.8 187.1 172.0 
E 166.1 181.6 192.8 182.6 D 171.9 181.6 188.1* 180.1 
F 161.5 E 165.1 180.1 190.9 181.1 
G l1&9»6 F 160.0 176.3 
H 177.6 G I51t.7 187.8 
l< H 175.7 
1 2 3 It 1959 
A 152.1 170.9 170.8 162.8 8 Jan 1 2 3 It 
B 163.1 178.1 177.1 175.6 A 151.5 169.5 169.0 161.3 
C 170.1 181*. 1 188.8 173.1* B 161.9 176.6 175.0 17U.0 
D 172.9 182.8 190.1 181.5 C 168.8 182.5 186.7 171.7 
E 166.0 181.6 192.6 182.6 D 171.6 181.1 187.9 179.7 
F 161.U E 16U.6 179.8 190.5 190.8 
G 189.5 F 159.7 175.8 
H 177.lt G VSk.t 187.3 
H 175.3 
2 Apr 1 2 3 It 
A 152.1 170.5 170.3 162.5 
B 162.7 177.7 176.5 175.1 
C 169.7 183.6 188.3 172.9 
D 172.5 182.3 189.6 181.0 
E 165.6 181.0 192.1 182.1 
F 161.0 175.3 
G 155.5 189.0 
H 176.9 
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ICE SLOPE TEMPERATURE GRADIENT

The temperature gradient on the slope of the ice sheet near Vilkes

Station was determined by obtaining the mean annual air temperatures along

the S~2 trailo The temperature of the firn at a depth of 10 meters was

considered to be equivalent to the mean annual air temperature* All points

where measurements were taken were located above the line of net accumula­

tion• The tenqperature gradient is o90C/l00 m.

Elevation

Position (Meters) Temp. °C

10 Miles ESE of S-2 1179 -19.7

S-2 1139 -19.6

Flag #2 997 -18.0

Flag ih 8^ 0 -16.3

Flag #6 663 -lit. 7

Flag #8 U6U -12.2

Temperature Gradient

1200,

1100

1000

900­

800- O.9°C/1OO m

Elevation

Meters

700

600

500

U 0 0 "

300

-25 -20 -15 -10 -5

Tenperature °C
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RAMP STfiKES 
On 12 November 195? a series of wooden stakes was emplaced on the ice

rarap above the moraine so that the summer accumulation-ablation in this

area could be measuredo At the time of emplacement the character of the

surface was notedC; either ice or snow5 and5 if snow, the amount was measured.

The following table lists the data collected between 12 November 1957

and 23 January 1958O Some of the stakes, however, could not be read

reliably on 23 Januarys The change in the level of the surface is given

as the difference between readings and as a total amount of change either

on 31 December or 23 Januaryo The totals denote a change in surface level

only and cam not be interpreted directly as amount of accumulation or

ablationo

A stake emplaced in ice readily shows the amount of ablation as a

lowering of the ice surface*. The ablation is then the number of centi­

meters of removed ice times the density of the ice—an example would be

10 cm of ice of density
 O91 g/cm3^ equivalent of 9 cm of watero Thus,

measuring of the ablation from an ice surface is a relatively straight­

forward measurement However, measurement of the ablation of the ice ramp

near Wilkes Station presented a number of difficultieso The main problem

was that of reffozen melt water at the snow-ice horizon, termed by some

superimposed ieeo When a stake was emplaced in an area of the ramp Where

some snow cover existed the amount of snow was measuredo Thus, the posi­

tion of the snow-ice interface in relation to the top of the stake was

knowno After some ablation the ice surface was exposedo Occasionally,

this ice surface was a shorter distance to the top of the stake than had

been the earlier snow-ice interfaceo What had happened was that ice was

formed at the bottom of the snow pack as the snow-surface melting proceeded.

The melt water which formed trickled down to the cold snow-ice interface

and was frozeru This is superimposed iceo

When the top of the superimposed ice is exposed by the slow removal of

the snow and this re freezing process, then a computation can be made to

give the amount of water actually removedo In some areas, however, when

a stake is measured continually and it records the lowering of the snow

surface, the last measurement during the melt season must also include the

position of the snow-ice interface from excavating right near the stake;

if this is not done^ then the amount of melt water refrozen is not known

and the amount of ablation cannot be determinedo This situation was

present at a number of the ramp stakes and so the actual accumulation-

ablation is unknown at these stakeso
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RAMP STAKES

Surface 
Condition 
Ice or 
Stake 
No. 
Elevation 
(Feet) 
Snow Depth 
(cm)
(12 Nov) 12 Nov 25 Nov Diff. 10 Dec Diff. 16 Dec Diff. 
Uoi U8O Ice 120.0 120.5 - 0.5 121.0 , 0<  5 109.5 •11.5 
66.0 
U02 U8O Ice 108.0 106.5 • 1.5 99fS • 7.0 9U.5 • 5.0 
60.5 
U03 560 Ice 109.0 108.0 • 1.0 109.5 - 1.5 98.0 •11.5 
QO f\ 
UOU 
UO5 
610 
665 
8.0 
Ice 
9U.5 
105.0 
90.5 
102.5 
• U.o 
• 2.5 
93.0 
105.5 
-
-
 2.5 
 3.0 
0D»U 
95.593.0 
- 2.5 
•12.5 
mmmmmmwmmm 68.5 
UO6 710 18.0 9U.5 9U.5 0.0 95.5 - 1.0 97.0 - 1.5 
UO7 7U0 20.0 82.5 83.5 - 1.0 85.0 - 1.5 86.0 - 1.0 
UO8 780 12.0 88.0 88.5 - 0.5 83.O • 5.5 83.5 - 0.5 
UO9 820 1U.0 7U.5 66.0 • 8.5 70.0 - U.o 72.5 - 2.5 
Uio 860 38.0 55.0 - 0 .  5 56.5 - 1.5 57.5 - 1.0 
UU 920 1U.0 62.0 62.0 0.0 63.0 - 1.0 63.5 -0 .5 
U12 980 20.0 70.5 60.0 +10.5 62.5 - 2.5 65.0 - 2.5 
U13 1035 2U.0 75.5 75.5 0.0 77.5 - 2.0 77.5 0.0 
UlU 1080 33.5 82.5 79.5 • 3.0 82.0 - 2 .  5 82.5 - 0 .  5 
U15 1130 32.0 88.5 8U.0 • U.5 86.0 - 2.0 86.5 - 0.5 
U16 1200 16.0 8U.5 8U.5 0.0 8U.5 0.0 8U.5 0.0 
U17 12U5 22.0 76.0 7U.5 + 1.5 75.5 - 1.0 76.5 - 1.0 
Ul8 1265 32.0 78.5 77.0 + 1.5 79.0 - 2.0 79.5 - 0 .  5 
U19 1265 30.0 73.5 73.0 • 0.5 73.0 0.0 7U.5 - 1.5 
U20 1265 25.0 78.5 79.0 - 0 .  5 80.5 - 1.5 80.0 + 0.5 
U21 1265 U6.0 62.5 58.0 • U.5 5U.0 + U.o 55.5 - 1.5 
U22 1265 6.5 87.0 87.0 0.0 87.5 - 0.5 88.5 - 1.0 
U23 1265 39.0 68.5 68.0 • 0.5 69.O - 1.0 69.5 - 0.5 
U2U 
U25 
860 
860 
22.0 
8.0 
89.O 
88.5 
86.0 
8U.0 
•
•
 3.0 
 U.5 
87.5 
79.0 
-
•
 1.5 
 5.o 
88.0 
95.0 
- 0.5 
-16.0 
U26 860 9.0 95.5 9U.0 • 1.5 95.5 - 1.5 80.5 •15.0 
U27 860 12.0 8U.0 8U.0 0.0 85.0 - 1.0 87.0 - 2.0 
U28 860 20.0 82.5 79.0 • 3.5 80.5 - 1.5 83.0 - 2.5 
U-?9too 860 15 
9.0 
Ice 
78.0 71.0 
8U.5* 
• 7.0 72.0 
92.5 
-
-
 1.0 
 8.0 
75.5 
9U.0 
- 3 .  5 
- 1.5 
*28/ll 
NOTE2 Underscored readings denote ice surface
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RAMP STAKES 
(Continued) 
Total Total 
Stake 23 Dec DIff. 31 Dee Diff . 23 Jan Diff. 31 Dec 23 Jan 
1*01 
1*02 
U03 
1*01* 
1*05 
1*06 
1*07 
67.5 
63.5 
66.5 
93.5 
63.0 
99.5 
90.5 
- 1.5 
- 3.0 
+21.5 
+ 2oO 
* 5.5 
- 2.5 
- 2.0 
+ 6.0 
- 7.0 
+13.5 
+15.5 
+12.0 
+ 5.0 
67.5 • 2.0 + 7.0 
+16.5 
+25.5 
+1U.5 
+33.0 
+ 7.0 
- 3.0 
+ 9.0 
•10.0 
1*08 87.0 + 9.0 +10.0 
1*09 
1*10 
un 
1*12 
1*13 
1*H* 
1*15 
1*16 
U17 
1*18 
lU9 
1*20 
1*21 
1*22 
1*23 
U21* 
1*26 
1*27 
1*28 
k29 
U30 
75.0 
62.5 
66,5 
69.O 
82.0 
86.5 
90.0 
88.0 
79.0 
82.0 
76.0 
83.0 
58.5 
90.5 
72.0 
92.5 
96.0 
87.0 
90.0 
79.5 
77.0 
103.5 
- 2.5 
- 5.0 
- 3.0 
- l*.o 
-k.$ 
- l l .  O 
- 3.5 
- 3 .  5 
- 2.5 
- 2 .  5 
- 1.5 
- 3.0 
- 3.0 
- 2.0 
- 2.5 
- h.5 
- 1.0 
- 6.5 
- 3.0 
+ 36 
- 1.5 
- 9.5 
• 1.0 
- 3.0 
-2.5 
- 1*.O 
- 0.5 
- 2.0 
=•3.5 
- 3.0 
- 2.0 
- o.5 
- l.o 
- 1.5 
- 3.0 
+ U.5 
- 1.5 
+ 5.0 
+10.0 
• 8.0 
+ 7.0 
- 2.0 
- 2.0 
-5.5 
76.5 
86.0 
.0
9h. 
98. 
92. 
87. 
8U.5 
80.5 
85.0 
.5 
.0 
.5 
.5 
75.0 
125.5
 + 0.5 
-3.5 
-3.5 
- 6.0 
'ko5 
- 1.5 
- 6.5 
- 2.0 
-3.5 
- 0.5 
- 3.0 
- 1.5 
 -16.5 
+ 0.5 
-11.0 
- 7.0 
- 2.5 
- 7.0 
- 6.0 
- 5.0 
- 6.5 
- 5 .  0 
- U.o 
- 3 .  5 
- 6.0 
+ 1.0 
+ 1.0 
- 5.0 
• 1.5 
+ 2.5 
+16.5 
+ 1.0 
+ 1.0 
- 1.0 
-2U.5 
-10.5 
- 6.0 
-10.5 
-12.0 
- 9 .  5 
- 8.0 
-11.5 
- 6.0 
- 7.0 
- 6.5 
- 2.0 
-6 .  5 
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SNOW ACCUMULATION

S~2

In the vicinity of the S-2 station, elevation approximately 375>O m, a

network of stakes was emplaced over a 9 square mile area* These stakes

served a two-fold purpose-—measurement of accumulation and measurement of

relative movement. The surface of the ice sheet in this area was only

slightly undulating^ therefore, each stake was considered to have the same

environment. Anomalies, however, do show up in the chart below to indicate

some dissimilarities of environment. These differences are due to micro-

topographical peculiarities which are not readily recognized in the field.

Persistent winds allowed only a minimum of snow to accumulate in this area

during the 10 month investigation.

(Readings in Centimeters) 
1957 1958 
20 Mar IB June 15 Oct 9 Dec lb Jan 
Stake A 2l4uO 219.0 225.0 215.5 
Stake B 2U2.0 230.3 212.0 217.5 222.0 
Stake C 251.0 2U0.3 23U.0 23lw5 231.0 
Stake D 231.0 211.5 212.0 217.0 222.5 
Stake E 21U.0 229.0 229.0 229.5 221.5 
Stake F 233.0 223.0 212.0 221.0 209.5 
Stake G 233.0 227.0 228.0 230.0 233.0 
Stake H 212.0 199.0 192.0 197.0 201.0 
Stake I 227.0 201.0 197.0 193.5 203.0 
Stake J 232.0 217.5 217.0 _ 221.5 
Stake K 233.0 212.5 211i.O 232.0 218.5 
Stake L 212.0 195.5 197.0 199.5 195.0 
Accumulative 
Mean lli.6 20.2 15.6 17.8 
Mean Gain 
or Loss +lli.6 •5.6 -h.6 +2.2 
The water equivalent for a mean snow accumulation of 17.8 cms is

7.6 cms using .1*3 g/cm3 as the mean density of the snow.
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SNOW ACCUMULATION 
S-2 
Date 
1957 
March 13 
1U 
15 
Weatner 
1 
Bureau Stakes 
2 3 
Stakes emplaced 
1 
2 
1 
2 
1 
2 
Accumulative 
Mean (Inches) 
1.0 
2.0 
Mean Gain 
or Loss 
0.0 
1.0 
1.0 
16
 2
 3
 1 2o0
 0.0

28 2 2 2 2.0 0.0

29
 3
3
 3 3.0 1.0

On March 29 the : stakes were moved a greater distance

from the Jamesvay to avoid drifting

April 11 0 0 1.5 0.5 o.5

27 1 h 3 2.6 2.1

2.6
 0.0

7.0 a.a

7.0 0.0

May
 7 1
 5
 2 
7
6

10 5 9

8
1U
 5

18
 5.0
2
 9 
9 
9
6

-2.0
li

0.6
1
 7
21
 5.6

1
 3 a.3
31
 -1.3

1
 3 3.3 -1.0
June 19

26 li 3 5 a.o 0.7

6
6
7
6
6
6
7
7
7
7
7
7
7

5.3
 1.3
U 5
 5
July

11

17

31

S.3 0.0

5.6

5

5

5
5
5
5
5

0.3

7 6.0 o.a

7
 5
5

5
a

5.3

5.3

s.e

August
 -0.7

0.0

0.3

10

17
 5

22
 5.3
5
 -0.3

28

September h

10 8.3 3.0

10 8.3

8
8
 0.0

13
 9.6 1.3
6 9

12 10

111
 10

n 9.3 -0.3

9.3 0.0
n

25 9 7 10 8.7 -0.6 
October 1 13 16 15 ia.6 5.9 
1U 111 15 10 13.0 -1.6 
21 12 15 10 12.3 -0.7 
26 12 ill 10 12.0 -0.3 
-o.a
31
 12
 111
 11.6
9
9
9 
7

11 12 12
 11.0
November
 -0.6

18 11
 11.0 0.0

8.8
 -1.2

13

1958

January 2 11
 8.5

6
 11 10 8 0.8
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The accumulation at these three stakes for the period 13-29 March can

be considered invalid du. to the proximity of the stakes to the Jamesws^y

huto On the 29th of March : he stakes were moved to a more favorable loca­

tion upwindo The accumulation from 29 March 19f>7 to 6 January 195>8 was

9*6 inches of snow or 2ii*3 centimeters of snow~~water equivalent 10„$ cms.

In compaHng the accumulation at S~2 as measured by the Weather Bureau

stakes (10o£ cms of water), with the amount measured by the bamboo pole

network (7o6 cms of water), it seems evident that the Weather Bureau stakes

were still affected by some drift from the hut or that they disturbed the

environment enough to affect the accumulation© The Weather Bureau stakes

were wooden shafts 2 inches square and it is possible that the air flow

pattern about the stake was disturbed enough to allow irregular accumula­

tion*, This may have been the case if one side of the stake^ rather than a

corner9 faced the prevailing wind* Weather Bureau stakes were measured for

a period which was 21 days shorter than the bamboo network period of

measurement and still recorded 2*9 cms of water more than the bamboo poles.
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SNOW ACCUMULATION-ABLATION

S-2 TRAIL

(Stake Readings in Centimeters)

Elevation _ ^ Date Net Snow 
Stake (Fleet) IB Oct 15 Nov 16 Dec 2 Jan 22 Jan Ablation 
1 3518 139 oO 151.0 151.0 -12.0 
2 3271 126.0 13U.5 136oO -10.0 
3 3OU1 131.5 lliOoO 1U3.0 -11.5 
a 2789 133.0 mo. 5 llt2cO - 9.0 5 21*97 139.0 1U6.5 11*7.5 - 8 .  5 
6 217U 132,5 136.0 137.0 - U .  5 
7 1862 126.5 126.0 128.5 - 2.0 
8 1523 123.0 12k.$ 0.0* 
* 15 Wov to 22 Jan 
During the period 18 October 1957 to 22 January 1$#8 there was no net

accumulation on the S-2 trail as measured on the emplaced stakes. The

ablation which did occur can nearly all be attributed to wind scouro
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A0OMDUTKW--SULLIWWII TRAIL

On 8 February 19^7 a short reconnaissance trip was made onto the icecap.

A due East course was followed for 2f> miles and then ESE for 1 mile* A

series of bamboo poles was emplaced along this Trail for the measurement of

snow accumulation,, The stakes were reraeasured on 19 November 5

SULLIVAN TOAIL STAKES

Accumulat ion 
Stake Elevation Stake Reading Cms o f Cms of 
Mile Wo. (Feet) b" Feb 1957 19 Nov 1957 Snow Water 
8 2 1121* 119.0 lOloO 18.0 7*2 
10 3 13U0 l l l o 0 111.0 0 .0 0.0 
12 h 11*80 108.0 75.5 32.5 13.0 
1U 5 1580 155.0 HU.5 li0.5 16.2 
16 6 1710 187.0 171.0 16.0 6.U 
18 7 18U5 131.0 107.0 2U.0 9.6 
20 8 1970 103 oO 76.0 27.0 10.8 
22 9 2090 118.0 66.0 52.0 20.8 
2k 10 2180 114*0 113.0 28.0 11.2 
25 11 2255 99.0 59oO liO.O 16.0 
26 12 2320 115.0 63,0 52.0 20.8 
^AVERAGE 33.0 13.2 
*The average was computed omitting stake #3o The average is only for

those areas where snow accumulated*

The accumulation along the Sullivan Trail is irregular as can be ex­

pected where sastrugi are abundant., Differences in slope also cause extreme

variations in accumulation* The changes in slopes, although gentle to the

eye5 are clearly defined by the accumulation where concave slopes have more

snow than convex slopes*
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RAM HARDNESS 
1000 800
TEMPERATURE, #C
 600 
 -30 
0 STRATIGRAPHIC 
0 PROFILED 
DENSITY 
0.4 0.6 0.8 
STATION VJlkes 
Sullivan Trail 
DATE 9 Feb 1957 TIME
LOCATION Mile S>6 
Kiev. 2320 feet 
Z 
O 
o 
o 
5TEATIGRAPHIC SYMBOLS 
iNew snow,recognisable 
crystals. 
Old snoMt finegrained. 
6aa a iQid snow, angular grains 
coarse, 
snow, rounded grains 
coarse. 
3 E 5  3 Sublimation crystals. 
Ice layer. 
Ice lens. 
Ice gland. 
Crust. 
HARDNESS 
MJZJSott (^ fingers) 
IXSXl (1 finger) 
Hard (pencil) 
Very hard (knife) 
o 
o 
TEMP AT 4M - 1 2 .  3 
STJRATIGRAPHIC KECOBD 
Dept  h Grain 
Size,mm Remarks 
0­ 7 
7­ 9 
9- 30 
30- 31 
31- l|5 
15- 62 
6?- 65 
65- 67 
67- 85 
85­
10I4-H8 
118-121 
lljii-150
15O-]6O
160-167 
167-168 
168-177 
177-180 
180-183 
163-192 
192 
19tt 
1.0-2.0 
1.0-2.0 
2.0 
1.0-2.0 
1.0-2.0 
1.0-P.O 
1.0-2.0 
2.0-3.0 
1.0-1.? 
2.0 
1.0-2.0 
2.0-3.0 
2.0 
1.0 and 
lees 
1.0-2.0 
1.0 and 
less 
2.C-3.O 
Compact
Iced sartrugi surface 
Medium compact, wind crust at 2i< 
Medium compact
Compact
1 mn -wind crust 
Compact, 58-?9 medium compact 2 mm 
Compact
Continuous ice lens 
Compact becoming very compact with depth—
grsin size decreasing 6?-?5, 1-2 mm; 
75-85, .5-1 m 
Compact
Loose 
Very compact
Loose 
Compact, wind crust at 127 
Iced firn 
Very compact
Loose 
Very compact well cemented grains 
Continuous ice lens 
Medium compact 
Very compact 
Continuous ice lens, varies from 1-3 cms 
Medium compact 
Wind crust 
Very loose 
Wind crust 
Iced f i m 
NOTE: O i TH" PIT DIAGRAMS THE SUHMBF *i *]£D8 I  S KAR'ED 
VatH THE SW.BOL < . THESE IESIGNATIONS ARE 
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RAM HARDNESS 
1000 800 
TEMPERATURE, #C 
STATION Vllkes 
DATE 9 Dec 1957 TIME
LOCATION XO miles ESE of
Elav. 3B70 fee t 
Cameron. Qlas^al 
STRATIGHAPHIC 5^3015 
New snow,recognizable

crystals.

snow, finegrained.

Old snow, angular grains

coarse.

«now, rounded grains 
coarse. 
crystals,

ica layer.

Ice lens.

Ice gland.

LlTlLLJj Crust. 
HARDNESS 
"t (U fingers) 
JQQOJMedium (1 finger) 
Hard (pencil)
Very hard (knife) 
TEMPERATURE	 AT IOM£TEft$
STRATIQRAmiC RECORD 
6 0 0 4 0 0 2 0 0 
-ao - 2 0 -10 
Z 
 S-2 
 - t 9 . 7 " C 
0 STRATICRAPHIC DENSITY 
0 PROFILE.2 0.4 0.6 0.6 
0 
O < 
^ V > ; 0 
I o 
o 
o 
0 
z 
g 
2 Depth Grain 
x" era Size,mm 
a. t- 0- U 0.5 and 
© smaller 
I - 6 0.5 
6- 12 0.5-1.0 
1? 
12- 13 0.5 and 
3 smaller 
13 
13- 20 0.5 and 
smaller 
20 
20- 39 0.5 and 
smaller 
3 9  - JJt3J 0.5 and 
smaller 
13- h9 0.5 and 
small er 
U^~ 57 0.5-1.0 
'57 
57- 6U c.5-1.0 
61)- 70 1-0 
4	 7 0  - 7ti 0.5-1.0 
7t i  - RO 0«^-1.0 
80 
60- 9? 0.5 and 
92-100 0.5-1.0 
Remarks 
Compact 
Medium compact 
Loose 
Crust—poesibly ae l t , 1 
LOOR» 
Crust, 1 mm 
Loose 
Crust, 1 mm 
Medium compact 
Compact 
Medium compact 
Compact 
Bonded layer 
M«d;um compact 
Loose 
Medium compact 
Loose 
Melt c ru s t , 1 mm 
Compact, aggregates 
Loose 
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HI 
RAM HARDNESS

1000 800 600 400 200 0 STRATIGRAPHIC DENSITY

TEMPERATURE, *C -30 - 2  0 -10 0 PROFILE.2 0.4 0.6

o 
oSTATION Wllkes

DATE 25 Hov 1957 TJ
 oLOCATION Flag

0Q00000° ofeet

Gl

snow,recogniz.able o 
crystals, 0

"• "»•"•",")Old snow, finegrained.

'baa'fa'ioid gnow, angular grains o

coarse,

oid snow, rounded grains

coarse*

publication crystals.

Ice layer.

Ice lens.

Ice gland.

Crust.

t (if fingers)

JQQOa Medium (1 fingor)

(pencil)

Very hard (knife)

STKATIGRAFHiC RECOKD 
1 
Depth drain IXcm Size,mm Remarks i l ­
ia . 
0- 17 0.5 and Medium compact winter snow :ui 
smaller a 
" 17 Wind crust 
17- 26 1.0-1.5 Medium compact--aggregates 
26- 27 ii.O Sublimation crystals 
27 Melt layer, 2 mm 
3 | 27- 32 2.C-L.0 Loose 
32- 1*1 1.0-3.5 Medium compact 
Ul- U? U.O Sublimation c rystala 
U2 Malt crust, 1 ram

U2- 56 1.0-2.0 Compact

56- 59 very I/>ose—aggregatesf has been soaked with

coarse melt (lay«r U2-59 has ice chunks and

ice pipes)

59- 60 Ice layer—continuous throughout most

of the p i t

60- 1$ 1.0-2.0 Medium compact

75 Melt horizon--bonded grains and

occasional ice

75-ICO 1.0-2.0 Medium canpact
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RAM HARDNESS 
1000 800 
TEMPERATURE, #C 
cSTATION wnife 
HATE £8 Nov l<i£ 7 TIKE B! 
LOCATION F l a e #? 
EJLev. "S27 1 feet 
on QlaSFfll 
STRAT1QRAPHIC SfllBOLg 
Kew snow,recognizable
crystals.
Oxd snow^ finegrained. 
Old snow, angular grains 
coarse. 
Old snow, rounded grains
coarse. 
;iuSjliir^tlon crystals. 
Ice layer. 
Ice lens, 
Ice tfland. 
Cru3t. 
HARDNESS 
IZZZZ33oft (4 f inger*) 
Medium (1 f inger ) 
Hard (penci l ) 
Very bard (knife) 
TEMP AT IO M -l«kO*C 
6 0 0 4 00 2 0 0 
- 3 0 - 2 0 -10 
0 STRAT1CRAPHIC
0 PROFILE.2
 DENSITY 
 0.4

O

o 
§ 
o 
o 
o 
o 
o 
o 
o 
o 
o 
 0.6 o.s 
ki Depth 
0	 » 13.0 
13.0. 19.0 
19.0- 2luO 
21.0. 29.0 
? 9 . 0 * 38.O 
38.0 
38.0* 17.0 
gkol ^.c 
5$.o^ 63.0: 
63.0 
63.0- 75-0 
75.0 
75.0- 78.? 
76.^ 
78.5-	 81.5 
Bl.o 
81.0- 97,0 
«7.0-116. C^  
llf'.O 
118.0-126. 0 
126.0-1);?.0 
1L7.0 
156.0 
l^o.o-i^.o 
. -163.C 
163.0 
163.0-170.0 
170.n-179.P 
If 2.0 
182.0-185.0 
18p.C-2(X).O
.5-1.0 
.5 and 
smeller 
1.0*2.0 
.5-1.0 
1.0*1.5 
1,0-2.0 
.5-1.0 
1.0-1.5 
1.0 
1.0-2.0 
2. .0 
1. 0 
. 0 t 
1.0-1.5 
uo 
.5-1.5 
 2.0-3.0 
RECORD 
Medium ccwipuct 
Loose 
Wiaci crust, 1 tm 
Compact
Medium conqp*ct 
Wind cruet, 1 MI 
ffedium corapiict, apgrerstes 
Kelt crust, 1 irre 
Cowpact
Mediiai compect, a^grtgateo 
loose 
Medium compact

Wind cruet, 1 mm 
Mediujn compiict, sfgregateB 
Wind crust, 1 m 
Corset 
Win& crust, l  m 
Loose , MJHxk&faM 
Melt eruft--as i  t is traced along 
the pit walls the crust divides 
and becomes two SBM&X layers j at 
some Spots there is considerable 
ice 
?^ edium compact, agj-regates 
MNliuai compnet 
Pllit cruet, i in 
Compact
Medium compact
Melt, crust, 1 mm 
Compact
At this level throughout the pit 
ice lenses occur from 1 to ? cms 
thick 
Medium compact 
Loose 
Banded Inyer 
Compact 
f^'dlum compact 
jfclt Cruet, 1 mm 
%d^um comppct 
Melt bwBt, 1 mm 
Medium compact 
Compact 
Melt cruet, 1 mm 
Medium compact 
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4 
KAM HARDNESS 
1000 800 6 0  0 4 00 2 0  0 0 3TRATIGRAPHIC DENSITY 
TEMPERATURE, *C -ao - 2  0 -10 0 PROFILX.2 0.4 0.6 o.a 
STATION w i 1 k 
0° df " &o oA 
DATE 30 KOT TIME, Z 
LOCATION Flag 13

TQev. TObO feet

OBSERVERS Cameron. G l a s g a l	 o 
G 
•*••*- * + \ Naw s n o w , r e c o g n i s a b l e

crystals.

oid snow, finegrained.

255530In 3now, angular grains

coarse,

snow, rounded grains

coarse.

Sublimation crystals.

Ice layer.

Ice lens.

Ice gland.

Crust.

HARDNESS

IZZZZ3Soft {^ f inge r s )

V V V V l i ( 1 f inge r )

Hard (penc i l )

Very hard (knife)

STRATICRAPHIC RECOHD 
Depth Orain 
s cm Size,mm Remarks 0- 5 0 .5 -1 .0 Medium contac t
5- 11 0.$ Loose

11 In some parts of the p i t ice occure at

this level

11- U l.C-1.5 Medium compact

Hi Kelt cruet, 3 nan

Hi- 22 1.0-1.5 Medium cotopact

22- 26 1.5-2.0 Loose, aggregates

26 Melt crust, 1 nro

26- 33 0.5-1.0 Medium compact

33 Some melt indicated at th is level

33- 38 1.0 Loose, aggregate*

38 Melt layer, $ ma

38- 65 1.0-1.5 Compact, aggregates; this layer seems to

have been soaked with melt from the

previous summer; ice chunks occur

occasionally—some «t hi end some at

56 cms

65 Melt crust, 1 ana

65- 70 1.0-1.5 Loose, aggregates

70- 76 0.5-1.0 Medium compact

76- 86 1.0-.1.5 Loose, aggregate*

86 Melt crust, 2 ram

86- 88 0.5-2.0 Compact

88-100 2.0-it.O Medium compact, aggregates
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RAM HARDNESS 
1000 800 6 0 0 4 00 2 0 0 0 STRATICRAPHIC DENSITY 
TEMPERATURE, #C - 3 0 - 2 0 - to 0.4 o.e 
8 
STATION Wllkee 
STRATIGRAPHIC S'YMBOlS 
,.•>'•,* I Maw snow,recognizable * 
crystals. 
snow, finegrained. 
••no I Old snow, angular grains 
coarse. 
snow, rounded grains o 
coarse. 
ISublifliation
lice layer. 
 crystals. o 
[Ice lens. 
jlce gland. 
ICrust. 
HARDNESS 
JZ/JJSoft (k fingerj) 
3XXX3dum (1 finger) 
3Hard (pencil) 
• Very hard (knife) 
T E M  P A T |OM - 1 6 . 3  * C 
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Depth

cm

0 - 3.0

3.0- 7.0

7.0

7.0- 8,0

8,0

8,0- 9.0

9.0

9.0- 12,0

12,0

12,0- 15.0

15.0

15.0- 33.0

33.0

33.0- 37.0

37.0

37.0- UO.O

Uo.o

1*0,0- kk.$

hh-5
bh*5~ 53.0

53.0

53.0- 59.0

59.0- 6o.o

60.0- 67.0

67.0- 86,0

86,0

86,0- 87.0

87.0- 93.0

93oO- 97.0

97.0-101,0

101,0-108.0

108,0

108,0-111.0

111.0-119.0

119.0

119.O-13U.O

13^.0-135.0

Grain

Size,mm

o*5

o.5

0,5-1.0

0.5-1.0

1.0-1.5

Less

than 0,5

to 1.0

0.5-1.5

0.5-1.0

o.5

0.5-1.0

0.5-1.5

0o5-ic0

1.5

0.5-1.5

0.5-1.5

0.5-1.0

.1.0

1.5-2.0

1.0-1.5

1.5

Io0»io5

Wilkes 
Station S-2 Tra i l , Flag #h 
Date 1 December 1957 
Observers Cameron, Glasgal 
STRATIGMPHIC RECORD 
Remarks

Medium compact

Loose

Wind crust, 1 mm

Loose

Wind crust, 1 mm

Loose, aggregates

Wind crust, 1 mm

Loose, aggregates

Melt crust, 1 mm

Compact

At this horizon ice lenses occur throughout the pitj

some as thick as 2 cms; refrozen melt

Medium compact

Crust, 1 mm, possibly melt

Medium compact

Melt crust, 1 mm

Compact

Ice lenses occur at this level; some 3 cms thick;

refrozen melt

Medium compact

Ice lenses 1 cm thick

Loose, aggregates

Melt crust, 1 mm

Compact

Continuous ice layer

Loose, aggregates

Medium compact

Melt crust, 1 mm

Loose, aggregates

Compact

Medium compact, aggregates

Medium compact, aggregates

Medium compact

Melt crust, 1 mm

Ice and firn

Loose, aggregates

Melt crust, 1 mm

Medium compact, aggregates

Continuous ice layer with pipes in layer above; 2.5

cms thick in places
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Depth

cm

135oO«ll|6oO

Iii6o0

Ili6 o 0-158*0

I58o0»l63o0

163 oO

163OO«171OO

171o0

171.0-173oO

173*0

173oO~l89oO

189OO«190OO

190oO«19UcO

19U.0

19ho 0-197^0

197.0

Grain

Size9mm

2oO-3»0

Io5-2c0

Very

coarse

1,5-2*0

Very

coarse

Io5«2«0

2o0-Uo0

l,5-3oO

Wilkes

Station S-2 Trail. Flag #h

(Continued)

STRATIGRAPHIC RECORD

Rert]

Medium contact

Melt crust, 2 mm

Medium compact, aggregates

Loose, aggregates

Melt crust, 2 mm

Medium compact

Melt evidence

Loose, aggregates

Melt crust

Compact

Continuous ice layer

Medium compact, aggregates

Melt crust, $ mm

Medium compact

Melt crust
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RAM HARDNESS 
1000 800 6 0  0 4 00 2 0  0 0 STRATIGRAPHIC DENSITY 
TEMPERATURE, #C - 3  0 - 2  0 - 1  0 0 PROFILE.2 0.4 0.6 0.8 
O 
0 
DATE 1 Dec 1957 TIKE Z 
LOCATION Flag #5 
E l e v  . ?1;97 f e e  t 
DBSiffcVERS Cameron, G l e s g a  l 
STRATXGRAPHXC SYMBOLS 
New snow,recognizable 
crystals. 
Cid snow, finegrained, 
snow, angular grains 
coarse. 
>©]Old snow,rounded grains 
coarse. 
iblimation crystals, 
lice layer. 
Ice lens, 
lice gland. 
I Crust. 
HARDNESS 
////ISoft (4 fingers) 
imZMediu (1 finger)
1Hard (pencil)
Very hard (knife) 
UNABLE TO PENETRATE FURTHER 
STRAT1GRAFHIC RECOED 
1 
itL 
Depth 
cm 
0 ­ 2.5 
Grain 
Size,mm 
0.5 
Remarks 
Medium compact 
X 
I-
© 2, Wind c rus t , 1 mm 
2.5~ 0.5 Medium compact 
JLi.5­ 21.0 0.5-1. o Medium compact 
21.0­ 25.0 1,0-1. $ loose 
25.0­ 30.0 Ice layer 
3 30.0­ 37.0 1.0-1. Medium compact 
37.0­ ho.o 1.5 Loose 
,0 ^ e l  t c rus t , 2 mm 
JiO.O­ 5o.o 1.0-1. 5 Medium compact 
50, ,0 Melt c rus t , 1 mm 
5o,o­
58. 
56.0 
,0 
1.5-2. 0 Medium compact 
Kelt c rus t , 1 mm 
5^.0­ 72.0 Coarse Trained f i rn with many Ice 
lenses 
72. .0 Melt c rus t , 2 mm 
72.0­
6U-0­
8U.0 
90.0 
1.5-2. 
1.5-2. 
0 
o 
Loose,
Loose 
 a^pregates 
90, .0 Kelt c rus t , 1 mm 
90.0­ 9i».O 2 .0-3 . 0 Loose 
9U.0-100.0 Ice 
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If AM HARDNESS 
1000 800 
TEMPERATURE, #C 
QA.TE_2_D6C 
LOCATION 
E l e v . 
QBSKRViiRS 
- P Tr Ml 
1957 TIME 
f"lft£ 
nn ft;et aip.f ;yel 
6 0  0 4 00 2 0  0 0 STRATIGftAPHIC DENSITY 
-ao - 2  0 -10 0 PROFILE.2 0.4 0.6 o.e 
O 
o 
STRATIG^AFHIC 
New snow,recognisable 
crystals. 
»».'»'• 10id snow, finegrained. 
25333Old snow, angular grains 
coarse* 
6pnj»o)ulat snow, rounded grains 
coarse. 
* 1 Sublimation crystals ,

ice layer.

Ic© lens.

Ice gland.

Crust.

HARDNESS 
/ / / / ISoft {k fingers)

JCQCXJMedium (1 finger)

////}Hard (pencil)

20COIVory bard (knife) TCMP AT 10M - «4,7*C

STRATIGRAHIC RECORP 
Uepth Grain
cm Size,mm 
0-10 0.5 
10 
J.0-17 0.5 
17 
17-2J* 0.5 
?a-33 1.0 
33-38 
38-10 1.5 
UO 
l*o*55 1.0-1.5 
ss55-58 1.0 
58-70 o.?-i.o 
70-73 2.0 
73 
73-76 ?.O 
76 
76-93 0.5-1.0 
93-91 
Remarks 
Contact 
Wind crust, 1 mm 
Medium compact
Very thin melt crust—l«te summer 
or early fal l melt 
Medium compact
Melt crust, 3 mra 
Compact
Ice layer
Loose, aggregates
Melt crust, 2 nun 
Medium compact, aggregates 
Melt crust 
Loose 
Medium compact
Loose, a££repates 
Melt crust, 2 mm 
Loose, a^grepatee
Mult crust, 2 ram 
Compact
Ice layers 
SNOW DRIFT

A considerable amount of snow is transported from the continent to

the sea by the wind. Drifting snow, snow which is transported between

the surface and a height of 6 feet, is a common daily occurrence on the

ice sheet* Blowing snow, snow which is carried high into the air,

accompanies most storms. Blowing snow consists of a layer $0 feet to

several hundred feet thick which can blot out the sun and which limits

horizontal visibility to less than 100 feet.

Observations at Wilkes have shown that although the wind speed

remains constant the amount of snow being carried in the air decreases

as the storm continues. Thus, the density of the drifting snow depends

on the amount of snow which was available before the stora began, and

how long the storm has been in action. Decrease in the drift density

indicates a depletion in the supply.

The consistent drift on the icecap interfered considerably with

the field work. During the last two weeks of April a field party

attempted to reach the inland station and they were unable to do so*

The weather at base camp would be fine with only gentle winds, but on

the ice sheet, at an elevation of about 1000 feet and higher, the

drifting snow would be so dense that the trail could not be followed*

Fig. Uo A clear day at Wilkes Station but with

dark clouds of blowing snow being swept

from the ice sheet edge. Blowing snow

reaches a height of 1000 feet. Photo

by Richard L. Cameron.
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Attempts at measuring the density of the drift were not succes­

ful; however, an instrument was designed and constructed during the

winter of 195>7 which could possibly be developed into a reliable

collecting instrument. A photograph of the instrument in use at

Wilkes Station is shown below.

The snow which is blown from the ice sheet moves into the sea

unless caught by some obstacle. The base camp was such an obstacle

and drifts were built up around all the buildings, Fig. U2 and U3.

Some drifts were 12 feet high.

Fig. lil Drift-density measuring device.

The streamlined tube is strapped

to a camera tripod. A small

aperture, at left, allows snow

to enter the tube and then several

ribs along the base of the tube

halt the snow and the air exits

through a large hole in the rear.

Photo by Richard L. Cameron.
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Fig. l|2 Photo taken 10 February 1957 showing base area between

met building and fuel dump. View is towards the west*

Note man in right center for scale. Official photograph,

U. S. Navy.

Fig. U3 Same view as photo above taken on 20 May 1957 to show

amount of accumulated drift. Winds depositing drift

are from the E and ESE. Official photograph, U. S.

Ifavy*
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S-l THERMOHM READINGS

WIIKES STATION

A set of Leeds-Northrup copper-constantin thermohms was emplaced in the

ice at the locality designated as S-l. This site was situated on snow-free

glacier ice $ miles from the base and at an elevation of 862 feet above sea

levelo The thermohms were placed to obtain temperatures at the surface and

at the following depths % l/2, 2y k, 7, 11 and 16 meters* The Leeds-Northrup

Wheatstone bridge^ which was used to read the thermohras^ was designed so that

temperatures could be read directly,, Readings were taken nearly every week

beginning in February 1957 and continuing through January 193>8o The area in

which the thermohms were fixed was never covered by more than 20 centimeters

of snow even at mid-winter and^ therefore, no attempt was made to show a

change in the relative depths of the thermohmSo

Values in the following chart are given in minus degrees centigrade*

THERMOHM-READINGS FRCM S-l

Switch Positions

0 Ice 2 3 U 5 6 
Date Time (Check) Surface (2m) (Urn) (7m) (llm) (16m) 
2/25 1.93 1.25 U.35 7.16 8.05 7.86 
2/27 
3/U 
3/18 
3/26 
U/l
U/8
U/17 
U/19
U/20 
U/21
U/22 
U/23
U/25 
U/26
U/27
U/28
U/30 
1U30 
1500 
0915 
lUoo 
0930 
1000 
1030 
1000 
0930 
1000 
1530 
U.63 
6.70 
6.20 
9.U0 
6.60 
6.05 
5.80 
5.U7 
7.50 
7.80 
6.57 
8.7U 
10.02 
11. UO 
9.56 
2.15 
3.25 
U.6U 
5.35 
6.o5 
6.55 
8.20 
7.U5 
7.08 
6.68 
6.60 
6.80 
6.75 
6.62 
7.09 
7.60 
8.09 
2»20 
3-Uo 
3.95 
U.50 
U.85 
5.80 
6.80 
6.10 
6.05 
6.09 
6.17 
6.09 
6.06 
6.06 
6.07 
6.10 
U.31 
U.Uo 
U.U5 
U.U5 
U.65 
U.85 
5.ia 
5.25 
5.25 
5.22 
5.28 
5.39 
5.U2 
5^51 
5.53 
5.6o 
7.10 
7.00 
6.71 
6.U5 
6°.Uo 
6.39 
6.U0 
6.U0 
6.28 
6.28 
6.39 
6.28 
6.28 
6.33 
6.36 
6.31 
8.05 
8.00 
7.9U 
7.80 
7.80 
7.80 
7.70 
7.80 
7.70 
7.6U 
7.60 
7.70 
7.66 
7.61 
7.61 
7.61 
7.57 
7.86 
7.80 
7.89 
7.80 
7.80 
7.89 
7.95 
7.95 
7.90 
7.8U 
7.80 
7.91 
7.86 
7.82 
7.82 
7.82 
7.82 
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THERM OHM -READINGS FROM S~l

(Continued)

0 Ice 1 2 
Switch Positions 
3 1* 5 
Date Time (Check) Surface (l/2m) (2m) (l*m) (7m) (lLn) 
5/1 0915 10.32 8.10 6.17 5.60 6.36 7.58 
5/2 
5/3
S/h 
$$ 
091*5 
0930 
091*5 
1000 
10.31* 
11.80 
11*. 25 
15.15 
8.32 
8.56 
9.01 
9.81 
6.22 
6.29 
6.28 
6.1*0 
5.61 
5.61 
5.67 
5.62 
6.33 
6.33 
6.33 
6.28 
7.60 
7.60 
7.51 
7.53 
5/6 
5/13
5/20 
0915 13.10 
11.21 
12.50 
10.1*1* 
9.1*8 
10.80 
6.56 
7.35 
7.75 
5.76 
5.93 
6.15 
6.37 
6.39 
6.35 
7.59 
7.1*1 
7.1*0 
6/3 
6/10 
1315 
091*5 2.50 
12.61* 
21.12 
11.18 
H*.5O 
8.82 
9.02 
6.79 
6.91 
6.51 
6.55 
7.39 
7.22 
6/19 2.33 18.91* 18.01 11.50 7.1*5 6.70 7.27 
6/27 2.25 15.95 11*. 60 12 .11 7.91* 6.72 7.25 
7/1 2.22 18.1*1 15.78 11.78 8.05 6.61 7.08 
7/10 2.50 16.56 15.72 12.61* 9.03 7.17 7.1a 
7/17 2.28 11*. 95 15.00 12.61 9.26 7.17 7.30 
7/21 2.33 16.90 15.15 12.52 9.93 7.25 7.25 
7/30 2.31 17.11 15.59 12.81 9.70 7.50 7.27 
8/6 
8/12 
2.33 
2.31 
15.90 
16.72 
15.26 
15.60 
12.90 
13.00 
9.97 
10.03 
7.72 
7.78 
7.27 
7.27 
8/29 12.32 12.71 12.77 10.1*9 8.22 7.1*1* 
9/5 
9/12 1100 
2.33 
2.28 
13.92 
12.1*2 
13.03 
12.88 
12.38 
12.36 
10.56 
10.56 
8.29 
8.31* 
7.39 
7.1*7 
9/21 11*00 2.33 15.56 13.78 12.20 10.56 8.61* 7.55 
9/29 2.22 12.11 12.72 12.11* 10.56 8.69 7.50 
10/5 1030 2.31 13.1*3 12.18 12.09 10.60 8.83 7.67 
10/12 11*20 2.25 10.03 10.80 11.73 10.56 8.83 7.70 
10/20 2.22 12.65 12.15 11.31* 10.51 8.89 7.71* 
li/U
n/ii 
11/18 
2.20 
2.10 
2.10 
9.05 
8.1*0 
8.15 
10.80 
9.55 
9.10 
11.35 
10.80 
10.1*0 
10.1*0 
10.30 
10.20 
9.05 
9.00 
9.00 
7.80 
7.80 
7.80 
11/25 
12/2 
0900 
1100 
2.22 
2.25 
7.86 
7.81 
8.53 
7.89 
10.02 
9.56 
10.11 
10.55 
9.11 
9.03 
7.83 
7.95 
12/8 2.10 6.05 7.30 9.20 9.80 9.05 7.95 
12/10 0915 2.22 5.60 7.19 9.28 9.85 9.11* 7.97 
12/16 111*0 2.19 2.70 5.50 8.61* 9.SS 9.03 8.00 
12/23 1030 2. Hi 0.11 2.89 7.55 9.30 8.91* 7.91* 
12/31 11*30 2.22 0.25 2.25 6.53 8.92 8.95 8.11* 
1/6 2.10 0.1*0 1.95 5.85 8.50 8.80 8.05 
l/ll* 2.05 0.20 0.1*5 l*.9O 8.00 8.65 8.05 
1/23 2.10 0.20* 0.0 i*. 20 7.60 8.60 8.10 
6 
(16m) 
7.81 
7.82 
7.82 
7.80 
7.81 
7.81 
7.80 
7.80 
7.81 
7.69 
7.78 
7.71* 
7.50 
7.85 
7.72 
7.72 
7.72 
7.66 
7.63 
7.55 
7.63 
7.67 
7.61 
7.1*7 
7.58 
7.61 
7.60 
7.60 
7.60 
7.60 
7.67 
7.67 
7.60 
7.69 
7.69 
7.66 
7.69 
7.60 
7.60 
7.70 
*Indicates a positive reading.
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Wilkes Station S-l AIR TEMPERATURES

22 February 19^7 through 2? January 1958

by

John R. T# Molholm

On 22 February 1957 an instrument shelter was erected on the ice ramp

east of Wilkes Station. It was 1.7 miles inland, on ic<* and at 862 feet

elevation*

The instrument shelter was secured in place by drilling four 13 inch

holes in the ice for the legs with an ice auger, and then packing ice

around the legs. Four 30 inch holes were drilled for 2n ijl4fl dead men,

one for each corner of the shelter. Copper coated steel wire, 5/32 inch

diameter, with turnbuckles was used to guy the shelter to the dead men. No

difficulties were encountered all year in keeping the shelter secure*

The instrument shelter contained a thermograph which ran for 3h0 days*

It recorded the following information:

273 days usable data

13 days unusable

17-19 April 18-22 July 25 September 9-12 October

Sh days missing due to instrument failure

21-25 March 26-27 June 10-11 September 13 October

31 March 12 July 17-20 September 16-17 October

21-21* May 25-30 July 28 September- 30 November­

29 May lU-28 August h October 1 December

2 June

Drifting snow caused the loss of 67 days which is 20 per cent of the

operating time. In the case of the 13 days of unusable record, the

thermograph pen had been dampened by drifting snow so that a smooth trace

was obtained. In the $h days of missing record, snow penetrated the

instrument and prevented the drum from rotating. Instrument shelters

and thermographs need to be made snow proof for polar work, especially

when the instrument is situated where it is visited but once a week.
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Fig, hk Wilkes S-l meteorological station on ice 
ramp at 2hl meters elevation. View look­
ing WWW, Vincennes Efey in background. Photo 
by John Molholm. 
Fig. U5 Instrument shelter full of drift snow after a 
blizzard. Thermograph hidden from view by snow. 
Photo by John Molholm. 
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S-l AIR TEMPERATURES 
Time
oioo
 22/2 2^/2
 19.2
 24/2 25/2
 20.7 iO
 26/2 27/2
 1276 16T5
 28/2 
 2iti~ 2775 247r 15.7 
0200 19.1 20.8 24.7 13.6 18.0 20.7 27.6 24.9 17.2 
0300 19.3 20.9 24.9 16.0 18.6 20.9 27.5 24.7 1^.9 
0400 19,8 20.8 23.9 12.9 17.3 22.0 26.6 24.3 15.6 
0500 19.5 20.9 22.9 1^.8 14.4 21.1 26.6 24.5 15.8 
0600 20.1 19.9 21.0 17.9 14.4 21«4 26.2 25.3 16.8 
0700 20.9 19.9 21.3 20.8 14.6 21.6 26.5 25.9 18.1 
0800 20.0 19.4 22.7 21.5 17.8 22.7 26.3 27.7 18.5 
0900 20.1 19.0 23,2 22.5 20.6 24.4 26.0 27.6 18.6 
1000 21.0 19.1 23.1 22.9 22.3 25.6 26.6 27.7 19.7 
1100 21.9 19.1 24.9 23.4 22.5 26.8 26.6 27.9 20.0 
1200 22.0 19.9 23.5 23.7 21.9 27.5 26.6 27.2 18.8 
1300 23.9 20.1 23.4 23.7 21.6 28.5 26.6 26cb 20.6 
1400 23.0 20.3 22.9 23.8 21.7 28.8 26.5 27.5 19.0 
1500 22.1 20.7 23.9 23.7 21.9 28.9 26.0 31.6 19.6 
1600 21.2 19.2 23.4 23.6 21.6 28.8 26.2 33.0 19.7 
1700 22,0 22.1 18.9 22.9 22.6 21.6 28.6 25.6 29.6 17.7 
1800 20.0 20.1 18.2 22.2 22.1 21.5 28.5 24.6 26.6 19.5 
1900 20.0 20.1 19.0 21.0 21.6 22.2 28.5 24.5 25.5 18.8 
2000 21.0 20.1 19.0 19.8 21.6 21.4 28.7 24.6 20.4 18.2 
2100 20.7 20.4 19.2 20.5 21.4 21.6 27.8 24.4 20.5 18.2 
2200 19,4 20,3 20.0 20.4 17.5 21.6 28.3 24.6 20.0 18.2 
2300 17.8 20.4 21.2 18.8 17.5 21.0 28.2 24.7 17.6 16.8 
2400 17.6 20,7 23.9 12.3 17.4 20.8_ 27.8 24.6 15.9 18.1 
Time »£ 5/3 6/3 7/3 8/3 2/2 lO/l—P-ft f/? g/| 
0100 YJ%20T9 2 8 ^ 4 2 8 T 3 2 8 ~ 5 2 5 T I 2279 — 25.0 22.2 
0200 17.4 22.4 29.1 29.0 28.7 28.2 22.4 — 26.0 22.6 
0300 17.6 24,0 29.3 29.0 28.7 28.6 21.9 — 26.O 22.1 
0400 22.2 25.3 29.1 28.7 29.6 29.1 21.9 — 25.6 22.4 
0500 — 25.0 29.4 28.1 32.3 29.4 21.7 23.6 25.9 22.1 
0600 ­ 25.1 31.0 28.1 30.1 28.9 21.4 22.9 25.9 22.7 
0700 — 25.1 30.2 27.7 29.8 28.1 21.3 22.0 25.7 23.0 
0800 ~ 25.1 28.1 27.0 32.0 27.1 21.1 24.2 26.0 24.0 
0900 — 25.9 28.0 26.3 28.1 27.0 21.0 22.9 26.0 24.8 
1000 24.6 25.8 28.7 25.9 29.7 26.2 21.0 24.1 27.0 24.9 
1100 24.1 25.0 27.3 25.7 26.9 25.4 21.4 24.2 27.6 25.0 
1200 23o7 25.2 27.1 25.1 26.4 25.1 21.2 ^5.9 27.7 25.2 
1300 23.2 25.8 25.9 25.0 25.9 24.3 21.0 25.0 27.8 26.0 
1400 22.6 26»1 27.2 24.7 26.0 24.2 20.0 23.o 28.C 24.8 
1500 21,9 25.3 24.8 24.3 24.9 24.4 18.1 23.0 27.9 24.0 
1600 20.2 25.5 24.1 24.3 24.8 24.1 18.7 22.9 26.1 23.2 
1700 20.0 25.9 22.0 24.9 24.1 23.4 19.4 22.4 25.1 22.9 
1800 19.4 25.8 21.7 25.0 25.1 24.4 18.9 22.2 24.2 22.5 
1900 16.6 25.4 21,0 24.3 24.0 22.6 17.9 22.1 23.9 21.6 
2000 14.8 26.2 23.2 24,1 24.8 22.0 17.6 22.7 24.0 21.0 
2100 15.0 26.0 25.1 24.8 26.4 21.9 17.^ 27.0 23.5 20.9 
2200 15,1 25.6 26,1 26.8 25.9 21.9 18.1* 24.2 25.1 21.0 
2300 17.0 26.4 26.4 26.1 25.0 22.5 19.0 25.0 23.3 21*3 
2400 18.7 27.6 27.4 26.3 25.8 22.6 ~ 25.0 23.0 21.4 
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14/3 1^/3 16/3 17/3 18/3 19/3 20/3 26/3 27/3 28/3 
0100 21.7 21 .3 10.5 26.9 23.8 19.9 21,6 — 24.1 20.0 
0200 21.4 21 .5 10.6 26.3 24.0 20.0 24.3 -- 24.2 18.6 
O3OO 21.4 21 .4 11.7 25.9 24.1 21.0 18.1 — 24.9 16.6 
0400 21.3 19 .9 9.1 24.2 24.6 21.7 24.1 — 22.0 15.3 
0500 21.1 16 .8 8.0 23.2 24.6 21.8 — — 21.0 15.8 
0600 21.0 15 .9 11.8 22.8 24.0 21.6 — — 19.8 14.0 
0700 21.2 15 .3 15.5 23.8 24.0 21.7 — — 16.5 16.1 
0800 21.9 16 .0 15.8 24.0 24.9 22.3 — — 18.3 16.6 
0900 21,9 15 .3 15.2 24.3 26.9 22.9 — — 19.5 19.4 
1000 22.0 16. .0 16.6 25.0 31.8 23.1 -- -- 20.0 23.2 
1100 23.0 16, .8 22.0 25.4 27.1 23.0 — — 19.1 23.0 
1200 22.9 16. .9 17.6 26.1 26.6 22.0 — 25.0 20.3 22.3 
1300 24.2 16.9 21.3 25.1 28.3 21.1 -- 26.0 22.2 23.1 
1400 22.3 16. .3 22.0 25.1 28.2 19.8 — 26.8 21.0 22.4 
1500 
1600 
22.8 
22.7 
14, 
13. 
,1 
.8 
23.0 
21.1 
25.7 
24.8 
27.6 
24.6 
19.6 
19.3 
--
— 
27.3 
26.9 
19.9 
18.2 
18.8 
15.7 
1700 22.4 13, .2 23.0 23.0 22.0 19.9 — 27.6 19.3 17.0 
1800 22.3 11, .2 22.9 20.8 23.0 19.8 — 27.9 19.8 16.3 
1900 22.0 11. ,0 22.0 19.0 21.9 19.9 — 26.5 21.0 15.6 
2000 21.9 12, .1 23.1 18.9 20.9 21,1 -- 25.3 21.6 15.8 
2100 21.9 12, 22.3 19.1 22.1 21.3 — 23.9 21.8 9.9 
2200 21.9 12, .2 26.1 19.8 21.4 21.9 — 24.3 21.6 9.0 
2300 20.9 12, .0 26.7 20.1 21.6 12.0 — 24.0 20.9 11.4 
2400 21,1 11, .1 27.O 22.8 19.1 16.0 -- 24.0 20.4 11.0 
Time 29/3 30/3 1/4 2/4 3/h 4/4 5A _6/4 7A , 8/4 
0100 10.6 17. 0 18.0 — 24.1 16.8 19.0 18.0 9.7 
0200 12.0 16. 9 16.2 -- 26.8 15.9 20.0 18.1 10.0 
0300 15.0 17. 2 16.4 — 28.9 14.3 20.1 19.0 11.1 
0400 17.6 18. 1 19.6 — 28.6 14.1 19.6 18.0 9.7 
0500 16.8 18. 6 19.8 — 28.1 12.9 20.1 18.3 8.9 
0600 18.0 18. 1 21.3 — 29.6 9.7 19.1 17.9 12.0 
0700 19.8 19. 1 21.6 -- 29.7 9.1 19.1 17.2 9.1 
0800 21.9 19. 8 23.2 -- 28.8 8.6 19.2 18.0 13.3 
0900 23.0 19. 9 23.9 — 28.8 14.0 19.8 18.2 13.2 
1000 23.0 
—• -- 30.0 28.6 14.9 20.0 19.0 15.5 
1100 23.0 25.8 
— 
30.0 28.3 15.9 20.0 19.4 — 
1200 22.4 25.4 -- 30.0 28.4 15.8 20.0 19.7 
1300 21.0 25.2 
— 
30.1 28.0 15.7 19.1 19.1 — 
i4oo 19.9 -- 24.6 -- 30.1 27.3 16.4 19.0 20.0 — 
1500 19.1 24.9 -- 29.4 27.2 16.8 18.9 17.0 — 
1600 19.0 23.8 
— 
29.0 27.O 15.0 18.7 11.1 
— 
1700 18.7 
— 
23.2 28.4 26.3 15 o2 14.9 9.3 17.2 
1800 18.1 23.0 — 27.3 26.9 15.3 17.1 8.9 16.7 
1900 18.4 22.9 23. i> 27.2 26.3 12.8 18.1 8.9 18*9 
2000 18.7 22.1 23.8 27.3 23.6 10.9 18.1 8.8 18*6 
2100 17.4 -- 22.0 23.6 27.0 20.0 16.5 18.2 8.0 1T.9 
2200 17.1 22.9 23.3 26.8 20.0 17.0 18.0 8.7 17.9 
2300 17.0 22.8 24.0 27.0 18.9 18.0 17.0 9.2 17.7 
2400 17.0 22.0 — 25.2 17.6 18.1 17.0 8.8 18.7 
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Time 
0100 
.?A 
iB.o 
10/4 
Xr-i.O 
i.i/4 
0.9 
12/4 
iO~ 
13/4 
17.0 
14/4 
9.1 
15/4 
4.4 
16/4 
— 
20/4 
27.0 
0200 .18.9 11.6 7.3 12.5 17.9 8.1 6.7 -- 27.0 
0300 17.3 11.0 7.4 12.2 18.1 7.9 7.9 28.8 27.1 
0400 17.7 7.0 7.6 1.1.8 17.7 7.9 8.0 28.1 27.7 
0500 17.0 n.o 3.6 12.1 18.4 8.0 8.3 29.0 28.2 
0600 11.0 9.2 11.9 19.0 4.0 9.1 21.4 28.1 
07OO 16^ .11.1 10.3 12.1 19.1 1.9 9.9 26.4 28.0 
0800 16,9 10.9 0£.4 12O4 19.8 2.1 11.3 27.3 28.0 
0900 -Ljj 0 »y 11.1 12.0 in .7 2C.0 3.0 13.0 28.0 28.6 
iboc 
1100 
17.8 
17-:j 
8,9 
4.0 
11.9 
12.1 
12.1 
12.7 
16.0 
18.0 
3.4 
3.1 
15.3 
16.8 
29.1 28.3 
28.0 
.1200 17.1 3.1 .12.1 11.4 18.1 9.8 16.8 28.0 
1300 16,0 2.4 12.1 12.4 15 08 6.5 28.0 
i4ao 1 5  .c> - 0o2 11.7 6.2 12.9 7«9 -- 28.0 
1500 15.2 
- 2.1 3J. o7 5.1 11.1 8.7 _ „ 28.0 
1600 13.9 - 2.0 10.4 4.2 11.2 7.6 — 28.0 
1700 13.4 - 1,1 11.5 4.9 11.0 7.9 -<, 28.0 
1800 13,:: - 2.2 11.3 7.1 11.0 8.2 _ _ 28.1 
1900 13.1 10.4 6.8 10.6 8.8 _ _ 28.6 
2000 13.1 7*2 .11.6 5.2 10o8 9.0 _ _ 28.0 
2100 13.'» 7oO 11.7 7.9 10.6 8.9 _ _ 27.0 
2200 12.6 8.3 11.9 13.4 10.6 8.6 26.1 
2300 ll.l 8.2 12.6 14.9 10.1 8.1 27.3 
2400 11.9 p.i 12,7 15.8 9.7 6.1 — 27.6 
Time 22 A 23/4 24/4 25/4 26/4 27/4 28/4 29/k 30/4 
0100 22.4 19.9 23.8 24O4 12.2 13 08 7.4 — 
0200 20.3 I8.7 23.6 23.9 11.7 10.6 6.2 15.3 — 
0300 19.'> 17.9 24.0 22 ,3 U.2 11.4 3.1 16.1 
0400 18.9 18.0 23.9 22.9 12.0 11.4 2.4 16,0 __ 
0500 18/.; 18.0 25.4 23.2 10.1 12.9 2.3 16#9 __ 
0600 18.3 18.8 24el 24.2 9.3 12.6 3.0 17.0 __ 
0700 17.3 18.0 25 oO 27.8 9.2 10.0 3.4 18.0 — 
0800 18.3 25.0 27.3 9.0 9.6 3.1 1808 — 
0900 22.0 24.8 28.0 9.0 11.9 3.7 18.3 --
1000 23.» 25 oO 28.7 10.1 13.0 4.0 18.6 --
110c 2.-..P 20.0 26.0 28.0 11.0 12.2 6.0 1.9*3 __ 
1200 19.8 20.3 25.9 26.3 11.4 13.0 6.5 — 
1300 19.6 20.7 25.7 25.5 ll.l 12.0 7.0 — 
1400 20.2 25 o9 24.1 10.9 11.2 7*4 — 
1500 2C.2 21.0 2?.5 24.0 8o0 11.3 6o9 15.8 
1600 23 oO 21.9 25.3 23.2 5.8 10.1 6O6 ... 15.7 
3.700 20.0 <•-<-„ 0 J 25.a 23.0 6.0 9.e 8.0 I6.7 
1800 20.0 22 0 0 25.4 22.4 4.9 8.4 9.8 »« 16.1 
190c 3.8,9 2102 26o0 20.3 5.9 7.8 10.0 16.0 
200c I7oi 22.0 25.3 .18.0 7.6 8.0 11.2 16.1 
2J.00 17.9 O '^  p 25.6 16.3 7.9 8.0 12.9 «- 16.1 
2200 18. := 23.8 24.9 16 .2 7.1 5.2 14.3 «... 14.6 
2300 18.3 24.0 24.2 11.8 8*0 5.6 13.9 13.0 
2400 19,,:L 24.7 10.7 10.9 6.0 15.9 12.1 
21/4

27.9

28.1

27.6

28.6

28.2

27.6

27.2

27.9

27.4

27.0

27.1

27.1

27.9

28.5

25.0

23.3

21.3

20.2

19.1

18.1

18.9

21.3

22.2

22.0

1/5

13.0

15.1

15.0

15.9

14.9

14.9

14.9

15.9

15.8

15.9

17.0

16.6

16.0

13.9

15.2

15.1

14.2

14.1

12.1

11.3

12.4

15.0

14.9

14.7
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0100 
0200 
0300 
0400 
0500 
0600 
0700 
0800 
0900 
1000 
1100 
1200 
1300 
1400 
I5OO 
1600 
1700 
1800 
1900 
2000 
2100 
2200 
2300 
2400 
2/5 
13.9 
14.1 
14.0 
14.3 
13.8 
13.9 
14.0 
12.6 
13,3 
15.2 
14.0 
13.1 
12,7 
13.9 
15.0 
15.9 
12.1 
11.3 
11.6 
13.9 
13.8 
12.8 
11.9 
10.4 
/53  
n.9 
12.3 
13.1 
13.6 
12.6 
17.4 
9.7 
9.0 
17.0 
19.7 
15.4 
16.0 
16.7 
1^ .9 
9.6 
7.1 
5.8 
6.9 
5,6 
7.3 
4.0 
5.8 
4.9 
4/5 
2.cT 
0.2 
2.1 
1.7 
2.0 
9 
9 
.1 
.0 
2 
3 
4 
3 
1.6 
3.8 
4.7 
4.0 
2.0 
0.1 
3.4 
3.3 
5.3 
7.0 
7.7 
7.8 
8.0 
7.8 
8.0 
7. 
5.4 
1.6 
0.9 
0.0 
0.9 
1.1 
1.6 
1.0 
2.4 
3.7 
5.1 
6.8 
7.1 
7.9 
8.2 
8.6 
8.6 
8.0 
7.7 
8.9 
9.1 
9.0 
9.0 
6/5
9.1 
8.7 
9.6 
9.5 
9.2 
9.3 
9.0 
9.2 
11.0 
11.9 
H.7 
11.1 
11.9 
12.0 
12.1 
12.3 
11.8 
11.8 
11.6 
10.9 
10.3 
11.1 
10.2 
7/5 
P 
9.4 
8.9 
8.9 
7.9 
7.5 
8.9 
9.3 
9.0 
9.2 
9.6 
11.0 
11.2 
l4.6 
15.9 
15.3 
14.9 
14.9 
15.1 
16.6 
16.9 
16.8 
16.0 
11*0 
8/5 
ruo 
12.1 
12.2 
11.2 
8.9 
10.5 
10.9 
4.6 
7.0 
7.1 
7.1 
6.4 
5.1 
3.1 
2.5 
3.6 
2.9 
1.8 
3.0 
4.0 
4.9 
3.3 
1.4 
6.8 
9/5 
Ii79 
14.3 
17.9 
19.0 
19.4 
19.3 
19.0 
18.9 
18.8 
18.8 
18.9 
19.3 
PO.O 
20.0 
20.1 
20.1 
20.0 
20.0 
20.0 
20.7 
21.0 
21.2 
21.6 
21.4 
^5 
21.6 
21.9 
22.0 
22.7 
22.8 
22.8 
22.3 
22.2 
22.9 
23.0 
23.0 
2P.9 
22.0 
22.0 
22.1 
22.2 
22.3 
22.1 
21.6 
21.4 
21.5 
21.2 
21.3 
20.0 
20.0 
19.3 
19.8 
20.1 
20.1 
20.1 
20.1 
19.1 
17.1 
17.0 
16.1 
l6.0 
16.0 
11.2 
11.0 
12.0 
13.2 
12.9 
11.9 
11.6 
11.0 
9.6 
3.9 
0100 
12/5 13/5 14/5
2.4 
15/5 16/5 17/5 18/5 19/5
9TI 
20/57 25/5 
0200 11.0 
- 9.3 4.1 - 8.0 - 8.4 1.5 9.0 6.1 
0300 10.9 
-13.0 2.3 - 6.3 
- 7.4 1.6 4.8 9.6 6.0 
0400 
0500 
10.8 
10.5 
-15.4 
-16.8 
2.0 
2.0 
— 
-11.0 - 9.9 
-10.0 
1.2 
2,4 
6.9 
6.0 
10.2 
10.2 
5.2 
2.9 
0600 10.0 -19.0 2.0 - 8.3 - 9.6 3.0 6.0 10.0 1.0 
0700 9.9 3.0 -10.4 -12.1 4.0 5.7 10.0 1.0 
0800 8.6 2.9 - 7.1 -16.1 4.1 4.2 10.1 2.3 
0900 6.7 2.0 -17.4 -18.0 4.1 0.1 10.6 4.0 
1000 4,9 2.3 -13.1 -15.2 5.0 0.9 10.2 
1100 
1200 
1300 
- 0.4 
- 5.4 
- 8.0 
-15.0 
-17.4 
- 4,2 
- 2.6 
-11.6 
- 5.4 
7.7 
6.0 
6.4 
6.1 
0.1 
2.2 
4.2 
10.9 
10.2 
ll.l 
5.0 
2.2 
2.3 
1400 
1500 
16OO 
1700 
1800 
1900 
2000 
2.100 
2200 
2300 
2400 
-11.7 
-15.1 
-15.3 
-16.1 
-16.7 
-13.0 
-10.6 
-14 5
- 5 0 
1.0 
0.7 
­
-19.6 
-21.3 
-20.8 
-12.0 
- 7.3 
- 8.0 
6.0 
1.6 
1.0 
1.2 
2.3 
- 1.0 
- 7.0 
- 9.1 
-10.9 
-14.0 
-14.0 
-13.7 
-10.0 
-13.2 
-14.7 
-10.2 
- 8.0 
- 5.3 
- 5.7 
- 5.2 
- 8.3 
- 8.4 
- 5 0 
3.6 
4.1 
5.0 
4.0 
7.1 
7.0 
6.0 
5.0 
4.1 
4.3 
3.0 
4.0 
3.6 
l.O 
0.9 
3.0 
2.6 
5.1 
6.5 
7.0 
7.9 
8.3 
8.3 
8.6 
8.8 
9.1 
11.8 
11.3 
11.6 
12.0 
12.8 
^.9 
13.0 
13.0 
12.2 
11.0 
9.7 
2.5 
5.9 
6.0 
6.8 
8.0 
7.5 
3.0 
2.2 
2.1 
1.6 
1.0 
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Time 
0100 
26/5 
- 2.7 
27/5 
-10.0 
28/5 
13.0 
30/5 31/5
26.6 
1/6 
13.8 
3/6 
•n
.-
4/6 
- 4.9 
5/6 
- 3.9 
6/6 
-16.1 
0200 0.1 -10.1 - 26.1 12.6 ,_ - 5.2 - 2.8 -16.2 
0300 3.1 - 9.4 «... mm 25.8 10.9 •n._ - 6.6 - 2.1 -17.4 
0400 4.8 - 8.9 «... • • 25.3 9.0 _ _ - 7.0 - 2.9 -16.9 
0500 9.7 -10.8 l6#l - 25.2 7.0 - - - - 5.1 -15.9 
0600 7.8 - 8.9 21,4 • - 25.8 l.0 - - - 9 - 4.3 -16.1 
0700 0.3 - 8.1 22.8 25.0 3.9 - - - 4•0 - 5.6 -17.7 
0800 
- 0.3 - 9.1 23.0 25.8 13.0 - -- - 7.0 -19.2 
0900 
- 1.1 - 9.0 23.0 26.8 13.4 - -- -10.0 -19.6 
1000 
- 1.4 -7.* 23.0 27.7 -- - - - -13.9 -19.9 
1100 4.0 23.0 26.4 _ - _ - -13.1 -21.2 
1200 0.0 . -- 23.5 26.2 - - - 9.7 -14.0 -20.6 
1300 0,
.5 ~~ 30.0 - -11.9 -15.6 -19.2 
1400 0,
.5 «. • •  « 27,•1 •*« — -12,.2 -15..3 -18,.9 
1500 
1600 
- 1, 
- 3. 
.6 
.9 
--
mm a 
- . 
• 26, 
25. 
.7 
.4 
urn** - 0 
0, 
.4 
.0 
-12, 
-13. 
.9 
.6 
-14, 
-16, 
.8 
.0 
-19. 
-18, 
,4 
.7 
1700 
- 6..7 — - . m 23,,8 • 0.3 -13,,1 -17.,0 -19..0 
1800 
1900 
- 6, 
- 6. 
.3 
.6 ... 
25, 
25. 
.1 
,8 
21, 
20, 
,2 
,2 • 
0, 
- 2, 
.0 
.0 
-12, 
-13, 
.9 
,0 
-17. 
-18. 
9 
.0 
-19..
-22. 
7 
.9 
2000 
2100 
2200 
2300 
2400 
- 6, 
- 6. 
- 9. 
- 9. 
,2 
•8 
,8 
,1 
.8 
... 
ll#0 
11.3 
12.2 
— 
26. 
27« 
28, 
27. 
27« 
.0 
,1 
,1 
,6 
•0 
17. 
15. 
16, 
14, 
,1 
.9 
.7 
,9 
,0 
— 
• 
••a 
— 
m 
m 
m 
• •  
- 2, 
- 2, 
- 2, 
- 3, 
- 4, 
.1 
.3 
.7 
.7 
0 
-10, 
- 8. 
- 7. 
- 6, 
- 6, 
,3 
.0 
,0 
,1 
.9 
-17. 
-17. 
-16, 
-15­
-15­
.0 
,4 
,4 
.4 
,8 
-23.3 
-24.0 
-24, 
-24, 
-15. 
,8 
,4 
,4 
Time 
0100 
T/6 
-11.0 
8/6 
--
9/6 
-32.1 
10/6 
-30.,2 
11/6 
• 
12/6 
4..3 
13/6 
1,•1 
Ik/ 
11, 
'6 
-7 
15/6 
8..0 
16/6 
- 0..3 
0200 - 8.2 -32.0 
-33.,6 — 4.,0 2,.9 11,,8 8..3 - 2.,6 
0300 
- 5.0 -27.8 -32.0 -32.,2 * 5.,1 2,.6 11..4 9..0 - 0.,6 
0400 
-14.1 -25.4 -32.0 -29.,0 ... 5.,1 2,.9 11,,9 6.,6 0.,3 
0500 
-16.6 -24.3 -31.8 -28.,6 .... 5.4 2.,8 12..1 4.,3 - 1.7 
0600 
-17.1 -26.2 -31.3 -31.4 -- 2.9 2,,1 12..7 3.,1 - 2.8 
0700 
-17.7 -29.2 -31.6 -34.0 — • 2.2 3.,0 12.9 2.,8 - 1.4 
0800 •­ -30.1 
-31.1 -36.0 2.3 2.,2 12.,6 2.0 - 1.0 
0900 
1000 
-30.2 
-31.1 
-31.9 
-29.9 
7. 
7. 
0 
0 
2. 
1. 
0 
9 
2, 
2. 
.9 
,8 
12. 
11. 
0 
,1 
2. 
2. 
,4 
,1 
- 1.3 
- 0.9 
1100 
-31.3 -29.8 7.0 2.1 1.,0 10.0 2.,3 0.7 
1200 ... -28.6 -- 5.9 1.9 1.,1 10.0 1.3 0.2 
1300 -26.9 -27.O -28.0 7.8 2.3 0..9 11.3 0.0 2.6 
1400 
1500 
--
-28.0 
-27.9 
.... 
— 
10. 
7. 
1 
1 
2. 
2. 
3 
2 
0. 
0. 
,4 
.5 
' 12. 
13. 
2
0 
- 1.3 
- 1.7 
3. 
2. 
0 
9 
1600 
— -28.9 8.1 1.1 0.,0 13. 1 - 1.8 0.0 
1700 
— 
-31.2 7.0 1.6 0.,1 13.1 - 2.0 - 0.2 
1800 
_«. -31.8 .... 6.2 2.1 0,,4 13.1 - 1.1 - 0.5 
1900 
-,- -32.0 -33.1 4.8 3.9 0.2 13.1 - 2.2 0.9 
2000 «.~ -32.0 -35.0 4.3 2.1 2..2 12.8 - 2.8 1.8 
2100 <­— -31.2 -34.8 4.3 1.0 0.7 12.7 - 2.9 0.8 
2200 •• -30.4 
-34.9 4.4 0.6 5.8 12.1 - 2.4 - 1.0 
2300 -30.8 -32.0 4.8 0.6 9.0 .10.9 - 0.1 - 0.1 
2400 
-31.7 -29.4 5.1 0.0 11.0 10.7 2.2 8.1. 
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S-l AIR TEMPERATURES (Continued)

Time 17/6 18/6 19/6 20/6 21/6 22/6 23/6 24/6 25/6 28/6

0100 11.0 22.0 - 2,0 - 3.1 27H 1573 3.3 20T9 22TJ5 ~

0200 17.0 22.2 1.1 - 1.0 4.9 9o9 3.3 20.4 22.3

0300 13.6 23.7 - 0.2 1,0 3.8 9.8 3.4 20.5 22.0

0400 17.8 26.8 2.0 - 0.1 3.7 9.3 3.9 20.9 21.1

0500 20,8 25.0 0.0 - 2,0 4.4 9.0 5.1 20.7 20.9

0600 17.O 26.0 - 2.1 - 3.1 5.2 9.8 5.3 21.0 20.9

0700 11.3 — - 0.6 - 4.2 5.1 10.0 6.6 21.0 20.4

0800 10.2 — - 1.3 - 5,8 5.0 10.0 8,3 21.0 20.6

0900 9.6 — - 5.8 - 5.3 4.7 10.0 12.0 21.2 19.0

1000 19.0 — - 4.9 - 5.4 3.4 10.0 15.3 21.1 19.1 - 4.3

1100 17.7 — - 1.0 - 5.9 4,0 10.6 16.8 21.9 20.1 - 4.9

1200 18.2 — - 1.1 - 3.4 6.9 1C.0 17.3 21.9 14.6 - 4.8

1300 16.O 8.9 - 2.1 0.4 7o2 9.4 18.1 21.9 13.7 - 4.8

1400 16.O 7.2 - 5.4 - 1.7 7«l 9.6 18.9 21.9 13.6 - 5.6

1500 12.4 0.1 - 3.8 - 4.2 5.8 10,3 19.0 22.0 14.9 - 5.3

1600 13.0 - 0.1 - 0.3 - 5.7 16.0 1C.9 19.1 22.1 14.7 - 5.3

1700 17.9 - 1.9 1.9 - 4.3 6,0 10.0 19.2 22.6 18.1 - 5.5

1800 16.0 - 1.2 1.8 - 2.9 5.1 8.9 18.9 22.5 16.7 - 6.4

1900 16.1 1.9 2.6 - 1.1 15*7 8,4 19.0 22.9 16.1 - 6.9

2000 20.1 2.2 2.9 - 2.8 16,6 6.7 19.1 23.3 18.0 - 7.1

2100 24,9 1.3 2.1 - 2.0 16.O 6,0 19.6 23.4 19.5 - 9.0

2200 24.0 - 0.9 3.8 0.8 10.1 4.8 — 23.4 19.3 -10.0

2300 19.9 - 2.2 0.0 1.9 8.4 4.4 — 23.2 17.1 -14.0

2400 21.1 - 1.9 3.0 1.2 9.2 3.4 20.2 23.0 18.7 -15.4

Time

 29/6 30/6 1/7 2/7 3/7 _ V ? 5/7 6/7 7/7_ 8/7

0100 -16.4- -15.6 -21.2 -11.0 -' 2.B ^%1 - 2.7 - 4.4 -±2.9 - b.l
0200 -17.3 -19.1 -21.3 -10.8 - 2,6 - 8.5 - 3.0 - 4.9 -13.2 - 5.9

0300 -17.O -19.9 -21.4 -11.7 - 3.9 -10.0 - 2.9 - 5.0 -13.7 - ^ .1

0400 -16.7 -20.0 -21.9 -11.1 - 4.9 -10,3 - 2.2 - 4.8 -13.6 - 3.7

0500 -18.0 -20.0 -22.0 -n.3 - 5.6 -u.8 - 3.2 - 4.6 -13.4

0600 -17.3 -20.0 -22.1 - 9,6 - 6.6 -13.1 - 3.2 - 4.2 -13.2 - 2.3

0700 -14.6 -19.7 -21.0 - 8.1 - 7.0 -14.0 - 3.5 - 4.2 -13.1 - 1.8

0800 -10.5 -17.7 -18.0 -10.2 - 6.8 -13.0 - 3.8 - 4.9 -14.4 - 1.4

0900 -10.0 -14.8 -18.8 -10.0 - 6.8 -12.1 - 4.1 - 5.7 -20.1 - 1.6

1000 -11.4 -15.O -17.9 - 9.9 - 6.0 -10.8 - 5.4 - 6.7 -21.1 - 2.0

U00 -10.2 -13.2 -16.9 - 8.0 - 6.0 -11.0 - 5.3 - 7.0 -22.9 - 2.6

1200 - 9.7 -12.7 -16.2 -10.8 - 6.2 -11.1 - 6.0 - 7.0 -23.4 - 3.0

1300 - 9.8 -12.0 -11.9 — - 7.0 -11.3 - 5.0 - 6.8 -22.0 - 4.0

1400 -10.0 -11.6 -12.9 -- - 5o4 -10,9 - 4.9 - ^>^ -21.9 - 1.9

1500 - 9.9 -11.3 -12.7 - 3.0 - 3.6 -9,9 - 5.1 - 7.1 -21.0 0.2

1600 -10.0 -11.4 -13.9 - 5.0 - 2.S - 9.4 - 4.4 - 7.9 -19.3 0.2

1700 -11.4 -11.2 -10.1 - 5.1 - 3.9 - 6.0 - 3o4 - 8.1 -16.1 0.9

1800 -13.7 -11.7 - 9.7 1.4 - 3oO - 7,0 - 3.0 - 9.1 -13.4 O.l

1900 -15.7 -11.6 - 8.8 1.6 - 5.7 - 4,1 - 2.9 - 9.7 -10.7 0.0

2000 -17.O -11.8 - 9.6 - 6.1 - 5.9 - 4.5 - 3.0 -10.3 - 9.2 2.0

2100 -17.3 -14.4 - 9.8 - 6.7 - 7.1 - 4,4 - 3.0 - 8.4 - 6.7 3.2

2200 -17.9 -19.1 - 9-9 - 2.9 - 9.8 - 3.9 - 3.0 -11.7 - 5.3 4.2

2300 -18.0 -20.6 -11.7 0.0 -10.0 - ^ .7 - 3.0 -12.0 - 3.0 5.0

2400 -18.2 -21.0 -12.0 - 3.2 -10.0 - 3-2 - 3.6 -12.4 - 5.7 8.6
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S - l AIR TEMPERA!TORES (Cont inued) 
Time 
.?/T 10/7 n/7 13/7 14/7 15/7 16/7 17/7 23/7 24/7

M M	 M M
0100 6.8 n*i 9.3 6.9
.. - ^j. 0.2 -11.1 -14.9
0200 5.8 11.6 9.0 M M 6.9 - 5.2 0.7 -12.0	 M M -14.4

M ­
0300 5.0 12.3	 6.3 - 3.0 0.6 -11.4 -13.8

M
0400 4,8 13.1	 M 6.1 - 4.4 0.7 -12.0 M M -13.3

M M
0500 5.1 12.9 •• 6.2 - 5.0 0.4 -12.2 -12.9

M M
0600 6.3 12.0 — — 6.2 - 2.1 0.9 -13.9 -12.4

M M
O7OO 5.3 10.6 — 6.6 - 0.3 0.1 -15.0 -12.0

0800 6.5 9.9 - - 6.3 1.7 - 0.5 -13.9 -12.3

M
0900 6.1 10.0 -- - - 6.8 3.7 - 1.5 -11.7 - -22.9

—
1000 ««• 10.0 - 0.2 6.4 1.9 - 1.3 - 8.9 -10.9

noo mum 10.1* - 0.1 6.0 0.4 - 2.3 - 5.3	 M M - 0.3

M M
1200 9.7 0.6 5.2 1.0 -1.8 - 5.0 -18.9 5.7

1300 M M 8.1* » M 0.2 5.1 1.6 - 1.0 - 6.6 -17.9 7.0

M -	 M M
11*00 8.1 0.3 5.3 1.0 - 0.1 - 7.1 -14.9 8.1

1500 « M 6.9 _ M - 3.2 5.0 1.0 0.0 - 7.0 -13.0 8.9

1600 ~ - 6.2 M M - 4.8 4.8 1.0 0.1 - 5.3 -12.1

M M	 —
1700 5.3 - 4.0 4.0 1.1 0.3 - 2.2 -11.5 —

1800 11.1 4.8 — - 3.0 - 0.9 1.2 0.4 - 2.8 -11.0 8.8

1900 11.0 3.9 - _ - 2.2 - 0.8 1.3 0.9 - 2.3 -11.0 9.0

2000 11.2 2.5 - 2.8 - 0.7 1.4 1.0 - 2.8 -11.2 —

2100 11.1* 3.3 mm 0.2 - 5.0 1.6 0.6 - 2.8 -12.0 0.8

M M
2200 U.6 1.9 3.0 1.6 1.1 -1.9 - 1.8 -13.2

M M J
2300 11.1* 0.1 5.0 5.0 0.8 - 8.2 8.2 -14.3

21*00 u.o - 1.0 — 5.6 - 1.0 0.4 -10.0 9.1 -15.0

Time 31/7 1/8 2/8 3/8 4/8 5/8 6/8 8/8

0100 
— - 3.1 3.3 7.9 9.5 - 4.1 - 9.9	 — -13.0

M M
0200 
- 3.3 2.1 8.9 8.8 - 4.6 -10.1 8.2 -12.0

M M
0300 -3.8 1.4 10.3 8.0 - 3.3 -10.6 8.2 — -5.8

01*00 M _ -3.8 1.0 10,8 7.3 - 3.0 -10.7 8.5 M M - 4.9

_ M	 M ) M
O5OO 1.8 1.0 11.0 7.1 - 3.0 - 9.8 8.9 - 8.1

M
0600 M M 2.9 1.0 10,0 7,0 - 3.2 - 8.1 8.8	 M - 8.1

0700 M M 3.4 - 0*8 10,2 7,8 - 5.7 -7.0 8.9	 M M - 8,0

M M	 M M
0800 3.1 - 3.8 l0f'9" 8.2 - 6,9 - 6.0	 -13.7

M
0900 M M 4.4 - l*.3 7,5 - 8.0 -4.3	 M -13.1

M M
1000 5.2 - 5.4 11 ,.i 9.0 - 9.0 - 2.7 -7.6 - 9.3

M M
1100 5.3 - 5.8 11,6 9-1 - 9.7	 - 5.2 - 6.1

1200 «... 4.7 -5.9 12.0 9.0 - 9.8	 - 2.1 - 4.2

M M
1300 4.4 - 5.2 14a 9.0 -10.1 - 5.7 - 3.6

l400 M M 4.0 - 5.9 14.1 8.9 -10.2 C M -1.6 - 4.1

M M
1500 3.9 - 5.2 13.6 8.7 -10.2 - 6.0 - 8.1

16OO M M 4.0 - 6.1 12.1 7*1 -10.3 - 8.0 -13.4

1700 M M 4.0 - 6.2 11.8 5.7 -10.1 M ~ -- - 6.9 -15.9

M M	 M ~
1800 4.2 -6.4 11.2 5*9 - 9.9 8.8 - 8.0 -14.0

1900 3.1 4.0 -6.7 11.0 5.6 -7.4 8.2 -8.7 -10.9

M M
2000 1.8 5.0 -4.3 10.8 3.1 - 5.3 8.8 - 8.7 - 9.9

—
2100 0.6 5.9 - 2.4 10.8 1.2 - 5.0 9.0 -10.4 -8.9

2200 - 0.2 5.6 - 0.4 10.7 - 1.8 - 4.6 9.0 -10.3 -14.7

2300 - 1.0 5.6 - 1.1 10.3 - 2.7 - 6.1 8.3 -13.6 -14.2

M
21*00 - 2.0 4.9 5.1 10.1 - 3.4 - 8.8 8.6 M -12.9 -18.6
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Time 10/8 ll/8 12/8 
_29/8 3O/8_ 31/8 l/9 2/5... 3/$> 
0100 5.1 - 7.9 - 9,8 12.1 7.2 fc0200 -19.9 3.8 -10.9 -12.2 12.6 6.6 9.1 7.2 7.9 
0300 -18.1 4.6 -13.8 -12.0 13.1 7.0 8.0 5.7 6.30400 -19.0 4.3 -15.7 -12.2 13.0 6.2 1.0 6.0 
0500 -18.0 5.0 -17.9 - 9 .  4 12.0 6.0 3.6 6.6 6.4 
0600 
-19.1 4.6 -I6.9 -10.7 10.8 7.0 2.6 8.0 7.3 
O7OO -18.0 4.2 -13.8 
- 8.9 9.9 7.0 2.0 8.9 8.10800 
-I7.4 4.8 -13.9 9.7 3.3 3.0 11.2 
0900 -13.1 6.0 -16.9 - 9.0 10.0 1.1 4.0 11.0 10.3 
1000 - 7.2 10.2-14.3 5.8 -14.0 6.6 4.1 7.1 10.9 12.01100 - 9 . 8 7.0 - 8.9 7.0 8.8 5.2 10.2 1200 -11.8 6.3 5.9 10.6 14.4 
1300 -10.2 4.4 - 6.9 11.0 5.4 6.4 11.8 15.1 
- 8.0 12.3 5.9 16.11400 -10.0 0.4 «11.8 4.9 6.6 12.6 18.01500 
- 7.0 4.1 9.8 n,4 4.7 5.4 12.9 18.01600 
- 5 .  6 4.7 -14.2 9.4 9.3 13.0 
1700 -12.4 8.1 9.7 - 0.5 4.7 17-1 
- 3.0 4.7
-16.7 5.1 - 3.0 3.0 12.5 13.7 1800 
- 4 .  3 5.0 
-13.0 8.0 4.1 11.0 12.9-1900 
- 3.1 5.0 9.3 4.8 3.1 5.7 7.0 12.6 
2000 -10.4 10.0 2.2 - 4 . 7 8.9 
2100 
- 1.0 4.2 
- 7 . 1 1.4 - 4 . 9 6.9 13.7 5.0 l .  l 11.0 6.4 13.82200 3.1 0.9 - 8.6 10.8 1.6 - 5.1 9.4 13.02300 7.0 - 6.0 12.0 3.0 - 5.3 7.7 9.0 
2400 8.2 -10.0 12.1 1.8 - 6 .  1 6.0 9.0 14.8 6.8 8.7 - 8.1 5.3 - 7^ 6 15.47.1 15.7
Time 6/9 8/9 9/9 12/9 13/9 14/9 15/9
0100 .0 - 1,6 10.7 9 - 5.7 u.9 - 3.1 
0200 14.7 -2.6 11.0 0.0 - 5.1 8.4 12.8 - 3.1 -2.4 0300 15.0 - 3.0 11.6 0.2 - 7.3 8.6 13.9 - 1.6 0.0 0400 15.4 - 3.3 12.0 0.3 -10.0 8.9 13.8 - 1.9 3.0 0500 18.5 - 4.0 12.1 1.7 -12.2 8.8 14.0 
- 0.8 4.0 0600 19.0 
- 3.1 11.9 1.3 -11.6 9.2 14.3 
- 0.1 3.3 0700 19.8 
- 3.7 11.8 2.8 -10.1 9.7 14.0 3.8 0800 19.7 11.8 4.3 - 8.0 0.9 4.7
- 3.9 8.8 14.0 3.90900 6.0
20.0 
- 3.8 11.0 0.6 -7.2 8.2 14.8 6.01000 19.1 
-3.6 11.2 0.8 - 4.9 8.0 15.1 6.8 7.3 1100 20.3 11.0 1.1 
- 1.4 16.1 11.01200 21.1 - 3.4 11.0 1.2 
8.4 18.0 3.5 
1300 0.7 9.0 18.4 17.0 5.1 7.917.9 11.0 1.1 0.3 9.3 13.4 4.01400 16.4 0.7 10.7 0.1 1.9 19.5 4.3 12.1
1500 14.1 1.6 9.0 2.1 1.1 18.9 12.5 2.9 12.2
1600 8.8 5.0 18.0 7.8 0.2 13.0

1700 12.0 - 1.1 - l.l 16.0 3.5 13.1
8.0 2.3 8.3 7.3 - 2.2 1.8 - 2.0
1800 8.0 7.2 15.9 12.2
6.1 3.5 - 3.7 -4.9
1900 4.8 4.8 5.0 7.9 16.O - 0.8
2000 8.0 - 3.0 15.4 - 3.9 - 5.7
3.8 5.0 1.9 0.0 - 7.3
2100 3.0 6.7 0.6 6.4 0.9 14.5 - 2.9 -8.7
2200 2.0 l.l 3.8 2.2 12.8 - 2.0 - 7.1
2300 2.0 8.1 1.3 4.0 4.2 10.0 -4.8 -5.9 10.2
2400 10.6 7.9 11.2 11.2
1.1 10.9 0.7 5.8 - 5.1 - 4.9

- 4.8
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S-l AIR TEMPERATURES (Continued)

Time 16/9 2l/9 22/9 23/9 24/9 26/9 27/9 5/lO 6/lO 7/lO

0100 "TO ~ r~oti 771 575 575 1575 — 277 15X

0200 11.3 ~ 0.9 6.9 5.3 8.6 10.0 — 2.4 15.7

0300 10.0 — 1.0 6.1 5.7 8.6 — — 2.0 16.2

0400 8.0 — 0.9 5.3 5.9 9.0 — — 2.0 16.1

0500 7.8 — 0.3 5.9 6.0 9.0 ~ — 1.1 16.0

0600 8.2 — 0.1 6.4 6.1 9.2 11.0 — 1.9 16.0

0700 9.0 — O.i 7.3 6.6 9.5 12.1 — 2.2 15.1

0800 9.2 — 2.0 7.6 7.2 10.0 12.8 — 4.4 15.2

0900 8.9 -- 5.0 9.0 7.9 10.9 15.0 — 7.0 16.1

1000 10.7 — 6.1 9.3 8.4 11.6 15.1 — 10.3 16.1

1100 10.9 ~ 8.9 10.0 8.7 11.1 16.3

1200 10.4 — 11.0 10.8 9.0 — — 4.9 11.4 16.0

1300 — — 8.2 9.9 8.0 — — 4.8 12.1 15.8

1400 — 5.6 7.9 9.9 7.2 — — 4.1 12.3 14.8

1500 — 4.6 8.0 10.0 7.1 — — 1.3 ^2.8 14.9

1600 — 4.7 6.9 9.5 6.1 12.9 — - 0.4 12.4 16.1

1700 — 4.0 5.8 8.3 6.0 12.1 — - 3.1 10,7 16.1

1800 — 3.6 5.9 7.8 7.2 11.3 — - 5.0 9.9 16.0

1900 9.0 1.0 6.0 7.0 7.1 10.7 — - 2.9 9.7 16.0

2000 8.9 - 2.0 5.3 7.0 7.9 — — - 0.9 9.1 15.9

2100 10.0 - 3.0 6.1 7.0 8.9 — — 0.1 10.0 15.3

2200 10.6 - 2.6 6.8 6.9 9.0 10.0 — 0.6 11.8 15.1

2300 10c0 - 2.0 6.0 5.4 9.0 10.0 — 0.4 15.6 14.9

2400 ~ - 1.7 6.4 5.0 9.0 10.1 — 2.1 15.3 15.0

Time 8/10 14/10 15/10 18/10 19/10 20/10 21/10 22/10 23/10 24/10

0100 "T57> -i I3T3 — 475 375 53 4.1 - 1.9 - 5.9

0200 15.3 — 13.5 — 2.5 6.3 2.5 7.0 - 3.5 - 6.2

0300 15.9 — 13.3 — - 3.3 2.5 5.3 5.7 - 3.6 - 7.9

OliOO 15.7 — 14.2 -- - 5.3 3.1 6.7 10.1 - 4.8 - 7.4

0500 15.4 — 13.4 — - 4.1 3.7 5.2 9.1 - 4.5 - 4.9

0600 15.2 — 14.2 — - 0.7 4.9 10.2 8.7 - 1.5 - 2.7

0700 15.0 — 14.6 — 2.5 7.1 13.2 10.7 l.l 2.7

0800 15.0 — 19.0 — 4.9 9.2 15.2 12.8 3.9 7.2

0900 15.2 « 20.4 — 6.3 10.5 17.2 13.2 6.9 9.0

1000 15.7 — 13.3 — 9.0 13.2 18.9 16.3 9.0 10.2

1100 17.0 10.3 15.3 20.4 15.5 13.3 10.1

1200 18.4 12.0 18.7 21.2 17.4 9.1 10.7

1300 19.0 - 14.3 20.3 21.4 16.9 8.5 9.1

1400 19.1 14.5 28.4 23.8 16.1 8.7 9.0

1500 19.8 - 13.6 26.9 22.3 13.5 8.6 9.4

1600 18.8 15.4 — — 12.2 25.2 21.1 11.2 8.0 10,1

1700 19.1 10.7 17.2 15.8 8.1 6.0 11.1

1800 19.0 9.0 10.1 11.3 5.5 - 0.5 10.9

1900 18.8 8.7 6.8 9.8 4.9 - 2.1 9.1

2000 18.7 6.6 5.8 8.7 3.7 - 4.1 7.3

2100 18.9 — — — 5.3 5.1 8.1 2.1 - 4.9 7.9

2200 19.7 — — 6.3 5.2 2.5 7.3 3.2 - 5.5 8.8

2300 19.I — — 5.3 4.2 1.7 5.7 2.0 - 6.8 9.4

2400 19.5 — ~ 4.5 2.9 1.5 4.2 - 1.5 - 4.2 11.5

9k

S-l AIR TEMPERATURES (Continued)

Time 25/IO 26/lQ 27/10 28/lQ 29/lO 31/10 2/11 3/11 
0100 11 
.5 16.1 9.5 - 7.2 6.1 l4.2 - 1.4 6.4 9.0 13.0 
0200 11 .9 15.9 9.1 - 7.1 5.7 14.1 - 2.3 5.7 9.8 12.9 
0300 12 .7 15.5 9.0 - 6.8 6.1 14.0 - 3.0 6.0 10.9 13.0 
O4oo 13 .9 9.1 - 8.9 8.9 14.0 3.9 7.1 10.4 11.3 
0500 14, .2 15^1 9.1 - 4.9 9.2 14.0 4.0 10.0 10.0 10.0 
0600 15-.7 15.1 9.2 - 1.0 U.O 15.1 6.1 11.4 10.6 10.1 
0700 17. .6 15.1 9.9 3.4 13.0 16.9 10.0 13.0 13.1 11.6 
0800 19, .3 15.2 11.0 6.2 16.0 17.9 13.4 18.1 11.9 14.1 
0900 21, >l 15.2 32.1 9.4 16.0 19.0 16.5 22.1 13.4 16.0 
1000 23. ,1 15.3 13.1 9.2 16.2 21.1 20.1 21.8 12.5 14.2 
1100 22. .0 15.2 13.4 8.2 19.1 23.0 23.0 21.7 12.1 14.7 
1200 21. .9 14.5 9.7 17.1 19.6 25.2 21.8 15.1 14.8 
1300 21. ,4 14.2 10.1 17.0 20.4 26.0 24.0 13.3 15.2 
1400 20, ,8 14.3 10.1 19.3 20.0 22.4 20.0 14.1 — 
1500 20, 
.3 14.7 11,1 8.7 17.2 17.9 18.8 20.8 15.9 
1600 20. ,1 14.6 11.3 8.2 17.0 16.9 14.1 17.9 13.1 — 
1700 17. .5 14.8 12.0 8*1 15.9 16.3 10.7 14.9 13.9 --
1800 16. ,0 14.2 11.1 10.4 15.6 15.7 7.1 14.0 13.9 17.0 
1900 15.1 12.3 3.0 8.8 14.9 12.0 5.5 ll.l 14.3 16.1 
2000 15. ,1 11.8 - 1.9 5.1 14.1 9.9 3.7 13.3 12.7 16.1 
2100 15. 1 11.0 - 4.0 4.4 14.0 4.8 2.6 12.1 12.6 15.2 
2200 15. 1 10.3 - 7.2 5.7 14.1 0.2 3.1 11.0 13.9 16.8 
2300 15. 4 10.1 -5.6 4.2 14.2 - 1.0 5.9 12.7 16.1 
2400 16. 0 9.9 - 7.0 4.9 14.9 - 1.2 6.7 12.1 16.O 
Time 
0100 
4/n >/* 6/11 7/n 8/11 
.0 19.1 3.0 0.2
9/11 
 18.1
10/11 ll/ll 12/11 
 2079 "1870" I6.T
13/11 
 3.8 
0200 18.0 12.1 19.0 6.1 ­ 2.3 18.0 20.1 18.1 15.1 2.4 
0300 19.7 9.8 18.0 9.0 ­ 0.8 18.0 19.9 18.0 15.5 4.1 
0400 19.2 9.8 19.0 9.7 2.1 18.0 20.0 18.0 17.1 4.5 
0500 20.2 12.0 19.1 12.8 4.3 18.3 19.3 17.8 16.O 4.5 
0600 19.6 14.1 20.0 14.1 6.9 18.3 20.0 17.2 18.0 6.7 
0700 18.9 16.0 22.0 15.9 7.2 18.9 21.0 18.0 18.3 9.7 
0800 21.0 20.4 26.0 20.0 12.9 19.0 21.0 18.7 19.6 13.0 
0900 20.7 22.1 30.2 19.9 15.1 18.9 21.8 20.0 19.6 17.7 
1000 25.0 22.4 29.0 19.6 17.0 19.7 22.0 21.0 18.3 23.4 
1100 26.2 23.1 28.1 21.3 17.9 20.0 22.3 21.0 19.7 23.7 
1200 27.2 24.0 28.0 20.1 20.8 20.2 22.4 21.8 24.9 22.1 
1300 26.9 25.1 28.5 19.0 20.2 20.4 22.3 — 27.6 22.9 
i4oo 24.1 24.2 28.3 18.4 20.0 20.1 22.8 — 25.4 23.6 
1500 24.1 24.7 28.2 17.7 19.9 20.1 22.8 — 25.5 23.3 
1600 25.9 27.2 27.8 20.3 19.1 19.9 22.7 23.5 28.6 22.7 
1700 24.1 28.6 24.0 20.0 18.9 19.4 22.1 21.5 29.6 21.4 
1800 23.6 24.9 18.4 9.1 18.8 19.2 21.6 20.3 24.8 20.0 
1900 23.0 21.1 13.2 6.0 18.9 19.9 20.3 19.8 19.7 19.1 
2000 21.1 20.4 10.4 4.1 19.1 19.7 19.8 18.7 10.3 18.7 
2100 19.0 20.2 7.0 2.6 19.1 20.1 18.7 18.0 7.5 18.4 
2200 27.7 19.1 4.5 0.9 19.0 20.1 18.4 17.6 5.8 18.4 
2300 19.0 19.7 4.0 ­ 0.8 18.9 19.9 18.1 17.8 7.5 18.1 
2400 19.1 19.8 3.8 0.7 18.6 20.0 17.9 17.7 *.8 17.6 
95" 
S- l AIR TEMPERATURES (Contiirued) 
Time 
0100 
0200 
iV 
17 
17 
11 
.b 
.4 
15/ 
19 
19 
11 
.b 
.7 
16/ 
16 
16 
n
.0 
.6 
17/
10 
12 
11 
.3 
.4 
18/ 
11 
11 
.8 
32.7 
8,
6, 
LI 
.0 
.4 
20/11 
19.3 
20.0 
20 
17 
11 
.1 
.5 
22/11 
19.0 
18.6 
23/11 
10.0 
9.4 
0300 
0400 
17.7 
17.1 
19 
19 
.8 
.6 
17 
18 
.5 
.1 
12 
9 
.8 
.9 
13 
14
.7 
.8 
8, 
12, 
»7 
.0 
23.2 
23.7 
15.8 
17.6 
18.2 
18.1 
12.3 
9.8 
0500 17.1 18.7 18.7 8.4 15.8 13.,9 23.8 21.0 18.5 12.1 
0600 17.6 18.8 19.1 11.5 17.1 14,.6 24.7 22.4 20.6 14.9 
O7OO 18.9 19.7 19.9 16.8 17.7 20,•5 25.0 25.3 20.4 13.4 
0800 20.5 20.4 22.4 19.6 19.3 21..9 30.0 26.9 22.8 20.0 
0900 21.9 21.6 23.7 23.6 19.8 24.7 33.0 26.2 23.4 18.1 
1000 20.6 23..0 25.8 22.7 20.3 24,•8 37.4 26.8 24.1 19.0 
1100 19.7 23..5 29.7 23.1 21.2 24,,0 36.7 26.3 20.9 18.9 
1200 21.1 24,.6 29.8 23.3 21.6 24,J 42.3 26.4 20.8 20.2 
1300 19.8 23,.8 30,.7 24,.1 23.2 26,.3 42.0 25.9 20.1 16.9 
1400 20.4 22,.4 32,.4 24,.3 23.3 27,.7 44.1 24.8 20.6 16.9 
1500 20,.5 22,.3 31.4 26,.4 23.6 27,,0 41.0 23.0 22.9 16.2 
1600 18,.9 22,.5 29..5 24,.0 26.6 24,.9 37.1 22.8 21.9 17.6 
1700 19..3 22,.5 23,.7 18,.8 20,.9 21.,1 34.0 21,.9 20.8 15.7 
1800 19..8 20,.8 18..6 15-.4 15.1 20.6 31.1 21,.4 19.8 13.4 
1900 
2000 
19, 
19. 
.7 
.3 
20, 
19. 
.1 
,4 
13. 
19. 
.7 
.6 
10, 
11, 
J 
.8 
9.4 
7.1 
12.0 
14.•9 
27.8 
27.6 
21, 
21, 
.3 
.0 
16.0 
14.9 
11.7 
12.6 
2100 18..7 18,,6 17-,3 15..7 10.0 18,,8 25.O 20,.8 13.1 9.1 
2200 18,.9 18..5 17..6 15-•7 9<.6 19.,0 24.9 20,.3 H.7 10.0 
2300 18,,2 18,.7 9..7 13..5 10..9 20.,0 22.9 19..6 11.8 13.1 
2400 18,.6 17..6 13.,0 12,,6 9..6 17.,1 20.0 19.0 11.4 14.1 
Tine 
0100 
24/11 
14,,1 
25/11 
17..9 
26/11 
5..9 
27/11 
15.,1 
28/11 
23.,1 
29/11 
23.0 
2/12 3/12 
ika 
4/12 
27.8 1Y.1 
0200 13,.7 17.,1 6,,0 18.2 23..2 22.9 — 21,,4 27.9 16.1 
0300 15.,4 18,,1 6,,0 20.2 23..8 22.7 tmmm 23..0 27.7 16.8 
O4oo 16.,1 18.,0 8.-7 19.,4 24,.1 .. - • 24.7 27.7 20*5 
0500 16..9 17.9 11.,4 19.,8 24,a -- - - 25-,8 30.3 20.0 
0600 
0700 
17. 
18. 
7 
,0 
19. 
19. 
.5 
9 
13. 
17. 
,1 
,4 
21. 
23. 
,9 
,4 
25, 
26, 
a 
.2 
- -
... 
27, 
28, 
.8 
.1 
32.1 
32.1 
22.0 
24.9 
0800 19.,6 21..1 24.,0 26.7 27..0 — „ 30,•3 35.1 28.1 
0900 19.9 23.6 23.,8 27.9 29,,1 .. 35.,0 37.0 31.7 
1000 
1100 
20.1 
21,6 
--
28. 
• 
4 
25. 
26. 
,8 
0 
28. 
27. 
,4 
,1 
29.7 
28,,6 
--
-. 
— 
30.0 
39. 
32, 
,1 
,6 
40.0 
37.0 
32.1 
31.9 
2200 22.1 31.0 26.2 28.3 29.,4 .. 30.4 31.,6 37.2 32.0 
1300 22.9 26.9 27.0 35.9 31.2 __ 29.8 29.5 37.9 32.0 
1400 25.1 27.3 30.1 27.3 35.2 — 28.8 27.,4 36.1 28.3 
1500 25.4 28.1 34.1 27.9 36.0 27.9 27.7 37.1 27.7 
1600 25.7 32.7 36.9 28.3 27.6 — 26.0 28.2 38.3 27.1 
1700 26.l 33.1 25.5 29.0 25.4 — 25.9 29.4 38.0 25.0 
1800 25.0 24.1 20.0 27.0 23.1 — 25.3 30.1 32.9 24.2 
1900 21.3 18.2 17.0 27.4 19.2 24.3 30.1 28.4 23.2 
2000 22 a0 13.9 16.7 26.2 18.2 — 22.1 29.6 25.2 21.3 
2100 22.6 12.0 14.9 20.2 18.6 — 19.9 28.0 26.3 17.4 
2200 19.3 7.9 17.7 22.0 19.7 -- 21.1 28.9 27.O 17.7 
2300 17.6 7.2 16.9 22.3 22.4 17.9 29.2 22.0 14.8 
2400 18.4 6.1 17.5 24.1 22.8 18.9 27.7 19.1 17.2 
S-1 AIR TE JMPERATj; IRES (Continued)

Time 6/12 7/12 8/12 9/12 10/12 n/12 12/12 13/12 14/02 
0100 15.5 21.1 16.5 19.1 28.2 2Y.2 2^.3 23.1 2i;o 29.1 
0200 15.1 21.3 ; 14.1 18.2 29.0 26.8 27.1 20.2 21,0 28.5 
0300 16.9 21.7 15.5 18.0 28.1 26.6 28.3 20.1 22.0 28.2 
0400 17.4 22.1 16.6 18.9 29.1 26.2 28.2 20.7 27.1 28.0 
0500 19.0 22.3 19.0 20.0 30.5 28.3 28.1 23.8 27.1 28.2 
0600 20.1 22.7 22.7 22.1 30.0 29.8 28.8 26.2 30.1 29.2 
0700 22.1 24.4 25.O 26.0 31.1 32.2 32.7 30.0 30.0 30.8 
0800 23.9 27.1 26.4 29.4 33.3 34.2 32.7 33.1 29.8 31.4 
0900 23.8 31.0 29.3 39.0 35.2 35.1 31.0 37.8 32.4 34.4 
1000 24.8 30.1 29.3 39.3 35.3 35.4 31.2 39.3 32.5 35.1 
1100 25.3 31.8 32.0 38.0 36.5 37.4 31.7 37.0 34.5 39.1 
1200 25.9 32.0 32.1 37.3 37.9 38.5 32.0 35.5 37.9 39.6 
1300 26.9 29.6 33.9 38.3 33.1 37.1 31.9 44.0 34.9 36.1 
1400 27.1 28.1 35.2 38.1 32.6 37.0 32.0 43.3 39.0 «•«• 
1500 27.0 28.0 36.8 34.3 32.8 37.1 31.8 45.1 39.6 
1600 26.7 27.5 33.7 33.7 33.9 35.2 31.1 41.6 37.9 
1700 26.9 27.3 32.8 33.2 35.1 33.1 31.0 34.7 37.5 32.2 
1800 24.2 25.7 30.2 31.1 32.0 31.8 30.1 33.4 32.3 31.1 
1900 23.6 24.2 26.5 29.1 31.0 29.3 29.0 31.1 33.1 30.2 
2000 22.9 22.7 22.2 23.8 30.5 27.2 27.2 29.3 31.1 30.0 
2100 21.7 23.2 20.0 24.7 30.0 22.2 25.1 26.6 30.0 29.1 
2200 21.0 21.0 18.1 24.9 30.0 22.0 22.6 22.7 29.7 29.I 
2300 21.1 19.1 19.2 23.2 29.1 19.0 21.4 22,.0 29.8 29.2 
2400 21.7 17.7 18.1 27.4 28.9 21.9 24.3 21,.0 29.4 29.0 
Time 16/12 17/12 18/12 19/12 20/12 21/12 22/12 23/12 24/12 25/12 
0100 29.1 26.6 29.5 29.6 19.2 22.9 19.8 20,.0 18.6 25.6 
0200 29.4 27.0 29.8 29.4 19.8 23.0 19.0 18,.9 17.8 24.8 
0300 29.4 26.9 31.4 29.4 21.7 21.7 20.1 18,.0 17.9 24.5 
0400 29.2 26.8 29.9 29.3 22.4 22.4 22.4 18,.9 19.0 24.7 
0500 30.0 29.6 29.7 29.8 25.6 23.5 23.8 21.7 20.0 26.4 
0600 31.5 30.9 31.1 29.9 28.5 25.8 25.1 22,.7 22.7 28.3 
0700 31.8 31.9 31.0 29.8 30.6 29.3 27.8 25..8 24.6 29.2 
0800 
0900 
32.4 
34.1 
33.5 
29.1 
31.6 
30.8 
30.6 
31.2 
33.5 
35.6 
34.1 
35.8 
29.5 
29.8 
28,,9
30.1 
26.5 
28.6 
31.4 
36.5 
1000 34.0 28.9 30.8 31.8 35.2 35.9 30.9 28,,8 30.4 31.1 
1100 34.0 28.8 31.4 31.9 38.5 35.6 29.6 30.,1 30.6 30.5 
1200 35.0 28.8 30.7 32.4 36.7 34.8 31.1 28..4 33.5 30.6 
1300 36.6 31.9 30.7 33.8 38.8 36.8 28,-5 31.7 30.7 
1400 36.4 30.0 29.8 33.6 45.1 37.6 28..6 32.3 30.7 
1500 36.8 30.2 29.8 34.5 40.8 35.8 30.,6 34.0 30.7 
1600 
1700 
33.8 
32.8 
30.5 
30.6 
29.7 
29.8 
33.8 
35.5 
35.5 
35.8 
40.7 
35.8 
32.4 
30.0 
32. 
30. 
,4 
5 
32.5 
34.0 
30.8 
30.5 
1800 30.9 29.2 30.5 34.2 35.1 32.8 31.1 29.9 31.7 29.6 
1900 30.2 29.0 31.0 33.8 32.1 31.8 29.1 31.5 29.8 28.4 
2000 27.8 28.9 31.6 30.4 29.9 29.4 25.5 28.8 24.3 26.9 
2100 27.6 29.1 29.8 28.8 25.9 25.8 24.7 22.4 24.3 26.5 
2200 28.7 29.5 28.8 25.8 23.8 23.2 24.8 22.5 25.4 26.4 
2300 30.5 30.8 28.8 22.8 21.8 19.8 20.3 22.6 25.4 25.6 
2400 30.8 29.7 29.2 21.2 22.1 18.9 21.5 22.8 25.3 28.3 
97 
S-l AIR TEMFERATOEES (Continued)

Time 26/12 27/12 28/12 29/12 30/l2 3l/l2 l/l 2/l 3/l V l

oioo "26T5 2JTP 2715 § 7 ^ — 2815 2718 2479 24I5 2715 
0200 26.7 22.9 27.5 25.8 — 28.6 29.0 24,6 24,5 27.3 
0300 26.5 21.6 28.3 25.6 — 28.2 28.6 24.5 24.6 27.7 
0l»O0 26.6 23.6 28.7 25.3 — 28.5 27.9 24.3 26.0 28.6 
0500 26.8 23.8 29.7 25.0 — 29.2 28.6 24.6 24.8 27.7 
0600 27.8 27.6 30.4 24.8 29.0 30*7 28.0 28.3 25.5 29.9 
0700 31.6 31.2 29.8 25.4 30.0 34*1 28.6 28.5 25.O 28.6 
0800 3^.4 34.8 29.6 25.7 32.6 34.9 27.5 30.2 25.2 32.9 
0900 34.4 32.6 29.5 26.4 33.4 35.3 27.2 29.6 24.6 32.7 
1000 36.5 32.6 29.2 27.1 33.5 36.6 28.3 30.9 24.8 30,6 
U00 34.6 34.6 28.7 27.0 34.3 37.^ 28.6 34.2 26.6 29.8 
1200 35.0 35.0 28.4 26.7 36.5 40.4 29.9 32.6 26.2 29.4 
1300 34.2 35.7 27.6 26.6 39.8 32.4 29.7 34.2 23.7 28.6 
1400 42.5 35.7 26.4 26.6 33.4 34.6 29.6 33.9 24.9 28.6 
1500 39.6 35 .^  25.8 27.6 3^.2 34.5 29.0 33.5 24.8 29.3 
1600 41.4 35.6 25.6 28.0 33.8 31.2 30.5 27.6 24.7 28.5 
1700 40.6 34.6 25.6 28.3 34.6 30.5 28.5 27.8 25.6 27.5 
1800 35.7 33.2 25.6 27.9 31.5 29.8 27.9 28.0 25.I 26.7 
1900 32.0 31.6 25.6 27.6 30.6 30.7 26.6 28.8 25.3 26.3 
2000 30.8 29.6 25.6 27.3 30.7 29.5 26.3 23.7 25.4 25.7 
2100 29.6 28.8 26.0 27.O 30.3 28.3 26.2 23.5 24.6 25.6 
2200 28.3 27.8 26.7 27.5 29.5 28.4 25.8 24.9 27.2 26.4 
2300 25.7 27.9 27.6 27.6 28.9 28.5 25.6 24.4 26.5 25.7 
2400 24.3 27.5 27.6 27.7 28.6 28.5 25.4 24.7 26.1 26.2 
Time 5/l
0100 "1775
0200 26.7
 6/l
 31IB
 30.7
 7/l
 31^
 30.9
 8/l
 29a
 29.0
 9/l
 19~3J
 20*0
 10/l n/l 12/l
 22IB §273 15*3
 21,1 23.0 15.9
 13/l
 £ui
 21.0 
 l4/l 
— 
0300 25.2 30.6 31.4 28.9 20.7 22.9 22.1 19.7 21.0 
0400 26.1 29.5 31.3 29.0 21.1 22.2 23.1 20.0 21.1 
0500 27.1 30.5 31.2 29.6 25.9 23.2 23.8 20.2 21.1 
0600 28.9 30.6 31.8 30.8 25.4 24.3 25.3 21.9 21.9 
0700 30.2 31.6 32.6 31.0 28.7 27.0 29.4 23.9 22.1 
0800 30.3 31.2 30.8 34.0 29.1 28.7 29.1 26.3 22.3 
0900 30.4 36.1 30.9 35.0 32.2 27.1 27.6 27.4 25.3 
1000 30.4 37.5 31.1 32.9 31.4 28.2 27.9 27.8 25.2 28.3 
UOO 30.6 37.0 33.0 32.7 30.0 28.3 28.1 28.9 23.9 28.1 
1200 29.9 39.0 39.2 33.8 30.1 29.5 28.7 27.3 — 29.O 
1300 31.6 38.8 36.8 33.2 32.0 29.0 28.3 26.9 — 28.8 
1400 31.6 34.4 34.4 31.8 34.0 28.0 28.8 25.9 — 28.5 
1500 30.9 36.0 36.I 3^.1 31.8 27.4 29.0 25.4 — 28.4 
1600 30.6 36.3 3^.2 29.8 31.2 27.O 25.2 25.0 ~ 28.2 
1700 31.3 35.8 32.1 29.3 27.4 27.9 25.8 24.4 — 27.4 
1800 30.6 35.2 32.6 28.9 26.0 25.2 25.7 23.8 — 27.1 
1900 30.7 33.9 32.8 26.5 24.8 24.0 26.0 23.4 — 26.1 
2000 30.8 32.8 31.3 25.9 23.6 23.3 22.8 22.9 — 24.9 
2100 31.5 31.2 31.2 24.4 24.0 23.0 19.8 22.2 — 25.3 
2200 31.9 32.1 30.6 23.0 22.0 22.9 15.9 19.0 — 25.8 
2300 31.8 31.3 30.0 22.2 21.0 22.8 15.3 21.1 — 25.6 
2400 32.5 31.1 29.6 21.4 23.0 23.0 15.2 21.2 — 25.2 
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Tine
0100
 15/1
6
 25.6
 16/1
 2?5t"
 ?5to
 17/1 l8/l
ZB 51 
  
2bZB 2517
 19/l 
 250 
0200 25.0 26.1 26.0 26.4 25.0 
0300 24.5 26.2 25.0 26.3 26.5 
0400 24.3 26.2 25.3 26.2 27.3 
0500 24.3 26.3 25.8 26.6 28.1 
0600 24.9 26.2 26.1 27.2 28.4 
0700 25.2 26.3 25.3 27.7 29.1 
0800 25,3 27.1 26.5 29.4 30.2 
0900 26.5 26.8 28.8 34.2 32.3 
1000 27.2 26.6 27.6 32.6 34.3 
1100 27.9 26.4 29.8 31.0 37.2 
1200 28.2 26.4 30e2 34.2 36.2 
1300 27.6 27.0 33.0 l»2.0 k2.6 
1400 27.1 26.6 33.3 33.4 39.3 
1500 27.1 26.9 32.2 34.2 40.2 
1600 26.6 26.3 31.2 34.2 35.9 
1700 26.8 26.4 32.1 30.1 34.2 
1800 27.0 25.4 30.2 29.1 33.9 
1900 26.5 24.6 28.2 27.1 32.8 
2000 26.4 24.3 27.3 25.5 31.0 
2100 26.3 24.4 26.3 25.2 31.2 
2200 26.2 25.3 26.1 24.9 31.5 
2300 26.1 27.1 26.3 24.2 33.2 
2400 25.9 26.3 26.9 23.9 32.9 
20/1 2l/l 22/1 23/1 24/1

31.2 25.3 — 33.5 28.9

31.3 26.3 32.0 29.6

31.2 25.4 -- 29.3 30.7

32.3 24.2 29.4 29.0 28.6

30.6 25.3 26.2 27.6 28.4

30.0 27.9 22.4 26.2 32.8

31.3 29.8 21.2 26.2 32.7

31.7 31.3 25.0 26.1 34.8

34.2 32.2 24.0 26.0 38.7

37.1 29.2 23.2 26.0 38.8

37.3 28.5 23.5 26.4 34.6

— 27.2 22.3 26.3 37.0

26.2 27.2 28.2 37.9

25.6 27.4 31.0 39.4

29.4 29.5 — 31.7

29.0 31.3 — 32.6

28.1 35.6 29.5

34.8 32.3 38.4 — 30.5

32.9 30.9 35.6 — 29.7

31.3 — 32.3 -- 28.8

28.3 33.1 32.5 26.6

26.2 33.5 31.3 24.1

25.1 -- 34.3 30.7 27.8

25.4 
— 
34.1 30.4 23.7

Time

0100

0200

0300

0400

0500

0600

0700

0800

0900

1000

1100

1200

1300

1400

1500

1600

1700

1800

1900

2000

2100

2200

2300

2400

25/I

22.7

22.0

22.5

22.7

24.5

26.8

31.6

32.7

32.6

32.2

31.7

32.7

34.1

37.6

32.7

32.1

30.7

29.7
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25.8

24.8

25.O

22.8

21.4

26/1

21.7

22.4

23.7

25.4

25.6

26.8

30.7

32.7

33.9

37.7

34.7

34.4

36.6

36.0

32.7

30.4

29.2

28.4

26.7

24.7

22.5

20.2

19.7

18.9

27/1

lo#7

17.1

19.7

19.3

19.7

20.7

24.7

23.9

24.5

22.6

22.9

22.7

23.3

23.9

24.6
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